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Introduction 


Understanding changes in environmental quality in 
Canada demands a wide variety of information to por- 
tray environmental change, its causes and its impacts. 
Physical and biological data, compiled by scientific, en- 
vironmental and natural resource agencies, contribute 
to the evaluation of water, air, land and biotic resourc- 
es. Social and economic data on population, agricul- 
ture, manufacturing, transportation and energy are 
essential in describing the role human activities play in 
the process of environmental change. 


Environmental Perspectives: Studies and Statistics 
is anew publication for disseminating the results of sur- 
veys and data development projects related to the envi- 
ronment. It brings together data from a variety of 
sources including surveys undertaken by Statistics 
Canada, the agency's Environmental Information Sys- 
tem, and other government and non-government data- 
bases. The publication will appear between issues of 
the quinquennial Human Activity and the Environment 
which was last published in 19911. 


Whereas Human Activity and the Environment is a 
comprehensive compendium of environmental data, 
this publication should be seen more as a selection of 
data and analysis that reflect the progress of Statistics 
Canada in developing a more complete set of environ- 
mental accounts and underlying data bases. The topics 
covered in this volume have not been chosen to pro- 
vide a balanced view of environmental conditions and 
related activities, but rather to fill perceived gaps in the 
environmental information system. 


This edition of the publication covers five general 
themes. Chapters 1 through 4 relate to the impact of in- 
dustrial activity on the environment. The first two chap- 
ters present newly developed data on energy use and 
greenhouse gas emissions. The third brings together 
economic and environmental data in a cross-sectional 
analysis of the pulp and paper industry. In Chapter 4, 
the movement of dangerous goods by truck and rail is 
examined. Information on interprovincial movements by 
class of material is presented along with statistics on 
accidents. 


Chapters 5 and 6 analyze land use and soil con- 
servation. Chapter 5 presents a case study on the 


1. The next issue of Human Activity and the Environment will appear in 
1994 in order to provide more timely data from the quinquennial Census- 
es of Population and Agriculture. 
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changing use of land surrounding Riding Mountain Na- 
tional Park in Manitoba. More intensive land use 
around the park brings increased stress on park wildlife 
that use the surrounding area as part of their range. 
Chapter 6 contains results on soil conservation practic- 
es from the 1991 Census of Agriculture. Data on the 
prevention of soil erosion are presented on a provincial 
basis. 


Chapter 7 combines data from the new Household 
Environment Survey with family expenditure informa- 
tion to provide an insight into environmental behaviour 
of households. Data pertaining to mode of travel to 
work, use of energy saving devices and many other 
practices having an environmental impact are exam- 
ined in the context of various characteristics such as 
family income and dwelling type. 


Chapters 8 through 12 deal with four new surveys 
related to recycling and pollution abatement. Chapter 8 
presents pollution abatement and control expenditures 
by industry for 1989 as well as a six-year perspective 
on pollution abatement expenditures relative to total 
capital spending. Chapter 9 examines the 1990 sur- 
vey of industrial packaging undertaken to provide 
benchmark data for the National Packaging Protocol 
which seeks to reduce packaging sent to disposal to 
50% of the 1988 level by the year 2000. Waste man- 
agement is examined from the perspective of private 
contractors and local governments in Chapters 10 and 
11 respectively. The results of the initial survey of pri- 
vate waste management reported in Chapter 10 depict 
a $1 billion industry in 1989. Tables show financial data 
by province and firm size. Chapter 11 provides a pre- 
liminary look at the characteristics of waste manage- 
ment by local governments and the division of 
responsibilities for collection, disposal and recycling for 
those municipalities with a population greater than 
50 000. Information is presented on recycling and haz- 
ardous waste programs as well as other aspects of 
waste management. Chapter 12 examines the prices of 
selected scrap and virgin materials in order to describe 
their respective behaviour in changing markets. 


Finally, Chapter 13 reports on developmental work 
on resource accounting for oil and gas. Different valua- 
tion methods are compared and a series of estimates 
are provided for oil and gas reserves according to sev- 
eral assumptions about future prices and costs. 
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1 Energy Consumption 


by Kirk Hamilton 


Energy in general, and fossil fuel in particular, plays an 
important role in the interaction between human activities 
and the environment. Each stage in the production, trans- 
port, refining, transformation and consumption of energy 
commodities has actual or potential consequences for the 
state and quality of the environment. 


The production of energy commodities often requires 
gross physical changes in the environment, in the form of 
open-pit mines for coal or oil sands, or flooding of large ar- 
eas to provide reservoirs for hydro-electricity. The transport 
systems for these commodities may entail physical chang- 
es such as above-ground pipelines, or may produce unde- 
sirable side-effects such as spills. Refining of energy 
commodities carries with it the risk of emissions of noxious 
or poisonous substances to the environment. And their 
transformation (for example, burning fossil fuels or the fis- 
sion of nuclear materials to produce electricity) and con- 
sumption produces a full range of possible environmental 
consequences: release of noxious substances, emissions 
of oxides of carbon, sulphur and nitrogen, and accumula- 
tions of solid wastes requiring disposal. 


As a result of energy conservation policies and rapid 
price increases until 1986, the efficiency with which energy 
is used has changed considerably in recent years. An ag- 
gregate indicator of this change is the primary energy/GDP 
ratio, which declined from 17.3 megajoules (MJ) per con- 
stant 1986 dollar in 1981 to 15.5 MJ per dollar in 1986, a 
fall of over 10% (Statistics Canada, 1991). This study aims 
to characterize energy use in Canada and to examine the 
macro-level changes that determine the overall efficiency 
of energy use. 


To explore key aspects of the relationship between en- 
ergy use and economic activity, detailed energy disposition 
accounts have been developed as part of the new National 
Accounts Environmental Component at Statistics Canada. 
These energy accounts measure the use of 9 major types 
of energy (coal, crude oil, natural gas, fuel oil, aviation 
gasoline, motor gasoline, liquefied petroleum gases, elec- 
tricity and coke) for each of the 216 producing industries 
and 136 categories of final demand employed in the na- 
tional input-output accounts (Statistics Canada, 1992a). A 
summary of the distribution of energy consumption by 
broad categories, based on these accounts, is shown in 
Table 1. 
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Table 1: Distribution of Energy Consumption 


Sector 1971 1986 
petajoules percent petajoules percent 
Business (excl. 2737 52.4 3 199 53.3 
transport) 
Transport 931 17.8 1139 19.0 
Household 1551 29.7 1654 27.6 
Total 5219 100.0 5 992 100.0 


Source: 
Statistics Canada, Industry Division. 


The organization of energy data in Table 1 requires 
some explanation. Household energy includes that con- 
sumed in rented dwellings. Transport energy use includes 
for-hire transportation industries and energy for the opera- 
tion of private vehicles, but excludes energy used for own- 
account transport (e.g. delivery vans) in the business sec- 
tor. Business energy use spans all energy used in agricul- 
ture, mining, manufacturing and services, but excludes 
energy converted from one form to another (e.g. coal to 
electricity) and energy products used as feedstocks. In this 
accounting scheme, use of own product by energy produc- 
ers is included in energy use. Table 1 sums to total private 
energy consumption. 


Table 1 shows that household energy use as a propor- 
tion of the total declined by 2% between 1971 and 1986, 
because of stronger growth in the energy used in the busi- 
ness sector and transport. Energy use in the business sec- 
tor is highly concentrated, as seen in Table 2. In 1986 the 
five largest energy using industries accounted for 31% of 
total business sector energy use. 


Table 2: Large Industrial Energy Consumers, 


1986 
Industry petajoules 
Pulp and paper 344 
Iron and steel 216 
Non-ferrous metals 175 
Industrial chemicals 148 
Petroleum refineries 114 
Total 997 


Source: 
Statistics Canada, Industry Division. 


PRICES 


Price is an obvious determinant of the demand for en- 
ergy. It is worth examining two levels of prices. One is the 
international and domestic price for crude oil, the former re- 
flecting worldwide demand and scarcity (or cartel pricing in 
the case of crude oil) and the latter reflecting this as well as 
domestic energy policy. The second is the price paid by 
Canadian residential consumers for delivered energy com- 
modities, which reflects local market conditions as well as 
taxes. In Figures 1 and 2 these prices are expressed in dol- 
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lars per gigajoules so that they can be compared on a com- 
mon basis of the energy content of the commodity. 


As can be seen in Figure 1, crude oil prices have var- 
ied widely since the first OPEC oil shock in 1973. This fig- 
ure compares imported crude oil, domestic crude oil and 
domestic natural gas prices. The striking feature of Canadi- 
an energy policy prior to 1984 was the establishment of a 
crude oil price substantially lower than the world price. 
These prices converged in 1984, but are not exactly equal 
because Figure 1 compares a domestic price that is 
weighted towards the well-head price in Alberta with the 
delivered price (including freight) of imported crude in Mon- 
treal. Natural gas prices at the field gate generally tracked 
the trends in crude oil prices but at a significantly lower lev- 
el per unit of energy. 


Figure 1: Crude Oil and Natural Gas Prices, 
1971-1991 


dollars per gigajoule 


0 
1971 1976 1981 1986 1991 


imported domestic natural 
crude oil — crude oil gas 


Source: 
Canadian Petroleum Association, 1990. 


Figure 2 compares the per-gigajoule prices (including 
taxes) of electricity, fuel oil and natural gas sold to house- 
holds over the period 1980-1991. Electricity showed a 
steady increase in price over this period, whereas natural 
gas displayed both the lowest level and a virtually constant 
price. Fuel oil prices were much more erratic, falling sharp- 
ly in 1986 (in step with crude oil prices), levelling off, then 
increasing in 1990 and 1991. It is noteworthy that electricity 
prices reached a level roughly 5 times those of natural gas 
by 1991. 


While Figures 1 and 2 display current or nominal pric- 
es, the movement of energy prices relative to other prices 
is also of interest. Table 3 shows the nominal prices of im- 
ported crude oil and residential electricity and fuel oil, for 
1981 as well as 1991. In addition, this table shows the 
movement in each of these prices relative to other prices 
since 1981. Over this decade, the price of imported crude 
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oil declined substantially relative to other prices, while that 
of electricity showed a significant relative increase. 


Figure 2: Residential Energy Prices, 1980-1991 
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Table 3: Energy Prices and Indices 


Commodity 1981 1991 1991 

dollars per gigajoule index 
Imported crude oil 6.93 4.18 0.41 
Residential electricity 10.14 20.11 1:23) 
Residential fuel oil 6.36 11.45 1.12 


Note: 

The index is relative to changes in the general price level since 1981. In the case of 
crude oil the GDP implicit price index is used to measure the price level, while for the 
residential energy prices the consumer price index, excluding energy and food, is used. 
For example, an index of 1.0 for imported crude oil would indicate that imported crude 
prices moved at the same rate as the general price level from 1981 to 1991. 

Source: 

Statistics Canada, Industry Division. 


ENERGY INTENSITY OF BASIC 
MATERIALS 


The energy intensiveness of a good or service is the 
total energy required in production directly (in the produc- 
ing sector) and indirectly (by the producers of the inputs to 
the producing sector) per unit of output. For example, the 
energy intensity of an automobile consists of the energy 
consumed on the production line plus the energy required 
to make the steel, rubber, plastic and other component ma- 
terials making up a car, divided by the dollar value of the 
car - this gives a measure in joules of energy per dollar of 
product. The data in the energy flow accounts and the in- 
put-output accounts to which they are linked permit 
straightforward energy intensity calculations (see, for in- 
stance, Hamilton, 1988). 
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By combining energy intensity in joules per dollar with 
producer prices it is possible to estimate direct and indirect 
energy requirements per physical unit of product. This is a 
particularly useful way to examine the changing energy in- 
tensiveness of basic materials over time. Because so much 
of buildings, other infrastructure and manufactured prod- 
ucts are made up of lumber, steel, non-ferrous metals, pa- 
per products and cement, the energy intensiveness of 
these basic materials has a profound influence on the re- 
quirements for energy in the economy as a whole. Table 4 
presents the estimated energy intensity of these products 
in 1971, 1981 and 1986. 


Table 4: Energy Intensity of Basic Materials 


Decrease 

Material 1971 1981 1986 1971-86 
megajoules per tonne percent 

Lumber 1554 1 669 1 454 6.4 
Pulp and paper 24 215 20 921 17 329 28.4 
Iron and steel 23 430 22 085 18711 20.1 
Non-ferrous Se 26 757 20 424 23.7 

metal 
Cement 6 567 5 045 4 373 33.4 
Source: 


Statistics Canada, National Accounts and Environment Division. 


The figures in Table 4 and subsequent tables measure 
total use of energy commodities, exclusive of the amounts 
used as feedstocks or converted into other forms of energy 
(e.g. when burning coal to produce thermal electricity). Im- 
ported products used as inputs into the production of these 
materials are assumed to have the same energy intensity 
as if they were produced in Canada. The figures therefore 
represent a pure measure of the energy required along the 
chain of production from extraction or harvest to final prod- 
uct. 


When the materials are heterogeneous, changes in 
the product mix of the producing sector may influence the 
estimation of energy intensity’. Classification changes did 
not permit estimation of the energy intensity of non-ferrous 
metals in 1971, and so the percentage decrease shown in 
Table 4 for this material is from 1981 to 1986. 


What emerges from this table is a striking drop in ener- 
gy intensity for basic materials. Lumber shows an anoma- 
lous rise in 1981. However, lumber is generally low in 
energy intensity, and few opportunities exist for energy 
conservation in its production because it is a relatively un- 
processed raw material. Pulp and paper and cement show 
substantial declines in energy intensity, while metals de- 
clined more moderately (although this is a fall over 5 years 
rather than 15 in the case of non-ferrous metals). 


1. For example, carbon steel sheets increased from 21% to 31% of the con- 
stant dollar value of output of iron and steel from 1971 to 1986. Copper 
dropped from 25% to 14% of the constant dollar value of output of non- 
ferrous metals from 1981 to 1986. 
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ENERGY INTENSITY OF FINAL 
EXPENDITURE 


Another useful way to summarize energy intensive- 
ness and its change over time is to examine the energy in- 
tensiveness of the different categories of final expenditure. 
This is shown in Table 5. 


Table 5: Energy Intensity of Final Expenditure, 


1981-1986 
Category 1981 1982 1983 1984 1985 1986 
megajoules per constant 1981 dollar 

Consumer 10.1 9.8 10.0 9.3 10.0 9.8 
expenditure 

Investment in 12.7 11.5 11.7 10.9 hs 10.9 
fixed capital 

Government 3.9 3.8 3.9 3.7 4.0 3.9 


current 

expenditure 
Exports 21.5 19.4 20.0 18.1 18.3 17.7 
Imports 17.9 16.8 18.7 16.0 16.9 16.2 


Source: 
Statistics Canada, National Accounts and Environment Division. 


It must be emphasized that this table presents not the 
energy consumed directly by (for instance) households, but 
rather the energy required to produce one dollar's worth of 
the whole spectrum of goods and services consumed by 
households. The energy consumed directly by households 
was shown in Table 1. 


These figures reveal a consistent ranking of energy in- 
tensiveness by category of expenditure, with exports lead- 
ing, followed closely by imports, then investment in fixed 
capital, consumer expenditure, and far behind, government 
current expenditure (which is largely wages and salaries 
and so does not entail significant energy use). 


Notable declines in energy intensity from 1981 to 1986 
include one of 14% for investment in fixed capital, 18% for 
exports and 10% for imports. The energy intensity of ex- 
ports decreased by about 3.5% per year over this period, 
echoing the declines in energy intensiveness of basic ma- 
terials measured earlier. 


Some explanation is required for the row labelled “im- 
ports” in Table 5. The values reported in this row do not 
represent the actual energy intensities of our imports but 
rather, the energy intensities of these goods as if they were 
produced in Canada. The assumption implicit in these esti- 
mates is that foreign industries are exactly as energy inten- 
sive in the production of a particular commodity as are 
Canadian industries. 


The results in Table 5 indicate that Canadian exports 


were approximately 20% more energy intensive than im- 
ports in 1981. By 1986 this gap had shrunk to 9%. Dollar 
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Table 6: Direct Energy Intensity by Industry, 1981-1986 


Industry 1981 1982 1983 1984 1985 
megajoules per constant 1981 dollar of output 

1 Agriculture 8.1 7.4 10.5 “3 TAS 

2 Fishing and trapping 19.6 19.6 LEAT 20.3 16.6 

3 Logging and forestry 6.6 5.4 5.3 4.4 5.5 

4 Mining 16.4 14.4 15.9 14.2 14.3 

5 Crude oil and natural gas Pal 1.9 2.2 2.0 2.1 

6 Quarries and sand pits 13.0 16.3 12.8 11.8 At.5 

7 Service related to mineral extraction 10.5 10.5 9.4 9.6 9.8 

8 Food processing 3.1 3.2 3.0 2.9 26 

9 Beverages 5.7 5.6 5.0 4.8 SHA 
10 Tobacco products 1.0 df Ae ted 1.5 
11 Rubber products Bia 3.7 4.9 45 5.0 
12 Plastic products 3.2 3.4 3.1 3.0 3.3 
13 Leather products ae: Wi 1.8 1.9 2.6 
14 Textiles 6.6 6.5 5.9 6.0 6.1 
15 Clothing 0.9 0.9 1.0 1.0 1.3 
16 Wood products 5.2 5:5 5.0 4.9 4.6 
17 Furniture 2.0 2.5 2.2 2.2 3.1 
18 Paper products 23.8 18.1 22.2 22.0 21.3 
19 Printing and publishing nfl 1.2 1.2 lest rs 
20 Primary metals 25.4 26.1 24.9 PRT 23.3 
21 Fabricated metals 2.8 3.0 3.4 3.3 3.7 
22 Machinery 1.9 2.5 2.4 2.3 2.8 
23 Transport equipment 1.8 1.9 ez 1.5 1.9 
24 Electrical products 1.8 2.1 1.6 1.5 1.8 
25 Non-metallic mineral products 25.6 26.0 23.8 23.7 24.2 
26 Refined petroleum products ao 8.2 7.9 7.9 8.1 
27 Chemical products 16.0 16.9 17.4 15.3 14.9 
28 Other manufacturing 1.9 1.9 1.8 1.8 2.3 
29 Construction 2.1 2.0 1.8 1.9 1.9 
30 Transport 19.2 18.0 18.5 17.4 eam 
31 Pipeline transport 42.4 37.7 27.4 34.4 41.8 
32 Storage 6.0 6.3 5.4 7.8 8.3 
33 Communication 2.1 2.2 1.9 1.9 2.1 
34 Electric power and other utilities 11.4 12.8 12.4 ily? 12.3 
35 Wholesale trade 5.4 5.3 4.7 4.9 4.7 
36 Retail trade 6.1 6.4 5.7 5.9 6.3 
37 Finance and real estate 6.0 7.0 6.8 6.2 7.4 
38 Insurance 1.3 14 0.9 0.7 0.7 


39 Government royalties on resources ; = 5 z 
40 Owner occupied dwellings 2 = ; : = 


41 Business services 1.5 1.4 1.4 1.4 1.6 
42 Educational services 5.9 6.1 5.5 5.9 7.4 
43 Health services 27 2.8 2.4 2.7 2.6 
44 Accommodation and food 6.0 6.3 6.0 6.5 al 
45 Amusement and recreation 3.5 a7, 3.4 3.2 3.4 
46 Personal services 6.1 6.0 5.1 4.9 4.7 
47 Other services 4.5 4.6 4.5 5.0 5.3 
48 Operating supplies - - - - - 
49 Travel, advertising and promotion 7.2 6.6 6.3 6.7 5.8 


50 Transport margins - - - 2 x 


Annual 
1986 1986 change 
rank percent 
ize 14 -4.6 
15.9 6 -3.5 
6.7 15 
14.1 8 -3.5 
ae 37 
a2w 9 -2.1 
9.7 11 -1.2 
3.8 28 3.9 
5.9 21 
18 44 8.7 
5.3 24 
3.4 30 
2.4 36 8.8 
6.0 19 -1.7 
1.3 45 8.3 
4.2 26 -3.9 
2.8 32 8.1 
20.6 4 -2.7 
1.6 42 8.0 
22.7 3 -2.6 
3.8 29 6.6 
2.6 33 6.4 
2.0 38 
1.7 41 
24.8 2 
6.6 17 
14.2 if -3.0 
2.6 34 6.3 
1.8 40 -2.1 
17.4 5 -2.1 
36.0 1 
7.6 12 8.1 
1.8 39 
12.0 10 
41 or -4.2 
6.0 20 
7.3 13 41 
0.7 46 -13.3 
= 47 4 
< 49 = 
1.6 43 
6.6 16 4.2 
2.6 35 
6.6 18 3.0 
3.3 31 -1.0 
4.8 25 -4.9 
5.3 23 4.0 
5 48 a 
5.7 22 -4.4 
2 50 - 


Note: 

Industries 48, 49 and 50 are fictive industries used for estimating the use of groups of commodities whose precise content is unknown. 
Source: 

Statistics Canada, National Accounts and Environment Division. 
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for dollar, therefore, Canada was a significant net exporter 
of energy embodied in the goods and services it traded. 


DIRECT ENERGY INTENSITY BY 
INDUSTRY 


Underlying the energy intensities presented in the pre- 
ceding sections is the energy use per dollar of output of 
each of the 216 industries comprising the business sector 
of the input-output accounts. These direct energy intensi- 
ties are presented for the years 1981 to 1986 at the level of 
50 industries (see Table 6). 


Table 7: Fuel and Electricity Shares by Industry, 1986 


Energy Consumption 


Although this table shows the rank of industries by en- 
ergy intensiveness only for 1986, the ranking is remarkably 
stable over the years shown. Pipeline transport, with its 
high energy input and low value of output, ranks first, fol- 
lowed by the non-metallic mineral products industry 
(whose energy use is dominated by cement producers). 
These are followed in the top 5 by primary metals, paper 
products and the transport industry. 


The annual changes in industry direct energy inten- 
siveness were calculated over this period. Only those in- 
dustries showing a significant trend appear in Table 6. 
While there are many instances of positive change (i.e. in- 
creasing energy intensiveness), these occur only for indus- 
tries ranked very low in energy intensiveness. The majority 


Natural 

Industry Coal Gas Gasoline Fuel oil LPG Electricity Coke Total 
percent terajoules 

1 Agriculture er 10.3 29.2 37.5 | 18.2 179 243 
2 Fishing and trapping - 2.7 46.8 49.9 - 0.6 16 704 
3 Logging and forestry - tat 17.6 79.3 0.7 ne 37 688 
4 Mining 4.6 25.1 0.9 29.2 2.0 36.1 2.0 152 067 
5 Crude oil and natural gas - 19.4 20.2 a5 5.9 47.0 47 015 
6 Quarries and sand pits - 10.9 7.0 67.2 14.7 10 621 
7 Service related to mineral extraction - 13.4 24.6 46.9 15.1 30 362 
8 Food processing - 70.6 4.1 9.9 1.2 14.0 114 441 
9 Beverages -- 79.2 3.9 x x 10.3 23 526 
10 Tobacco products - x x x x 25.4 1770 
11 Rubber products x 67.7 x 0.6 21.0 12 816 
12 Plastic products x 54.1 2:2 3.8 x 38.7 12 562 
13 Leather products x x x x x 21.6 2 825 
14 Textiles x x 0.6 x 0.6 17.6 32 082 
15 Clothing - 59.5 x 7.0 x 27.8 7 190 
16 Wood products - 42.1 4.0 16.9 2.3 34.6 44 321 
17 Furniture x 68.5 3.7 Ba x 21.3 8 962 
18 Paper products x 26.4 0.1 20.8 0.2 50.6 x 358 294 
19 Printing and publishing - 60.4 5.0 2.6 2.0 30.0 12 680 
20 Primary metals 25 26.5 x x 0.2 38.1 28.6 420 190 
21 Fabricated metal -- 76.6 PLT) 3.2 Wate 15.8 - 48 451 
22 Machinery x PE Bhi 3.5 x 19.2 x 17 565 
23 Transport equipment x x x x x 20.4 x 68 253 
24 Electrical products x x x x x 26.7 x 25 379 
25 Non-metallic minerals 18.6 x 0.6 7.6 0.7 ita ie 129 473 
26 Refined petroleum x 414 x x 0.4 12.3 x 113 529 
27 Chemical products x 68.7 x 3.8 0.5 25.9 x 242 535 
28 Other manufacturing 69.7 x x x 20.9 12 309 
29 Construction x x 60.0 29.8 2.4 3.9 105 298 
30 Transport industry 0.1 5:2 10.7 79.4 2.1 2.8 497 737 
31 Pipeline transport x 92.9 1.1 x 6.0 84 349 
32 Storage - 17.9 6.9 56.7 2.8 15.8 6713 
33 Communication - 18.7 28.8 26.9 4.3 21.3 24 879 
34 Electric power and other utilities - 7.3 6.9 0.7 0.2 84.9 164 023 
35 Wholesale trade x 13.9 54.9 14.8 4.2 11.9 x 118 028 
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Table 7: Fuel and Electricity Shares by Industry, 1986 


Natural 
Industry Coal Gas 
36 Retail trade - 37.8 
37 Finance and real estate - 50.3 
38 Insurance 24.4 
39 Government royalties 
40 Owner occupied dwellings 
41 Business services 22.8 
42 Educational services x 55.1 
43 Health services x 19.2 
44 Accommodation and food 47.6 
45 Amusement and recreation 26.0 
46 Personal services 10.8 


47 Other services 
48 Operating supplies 
49 Travel, advertising and promotion 
50 Transport margins 
Note: 


Gasoline 


Fuel oil LPG Electricity Coke Total 
percent terajoules 
10.1 0.4 27.3 201 296 
20.8 0.6 23.6 294 158 
20.9 2.2 32.6 4370 
20.0 1.8 13.0 28 918 
14.8 29.1 7 395 
35.5 x 12.9 22 068 
23.9 0.7 26.5 95 703 
23.6 0.8 44.7 15 399 
52.2 27 22.1 19 837 
19.2 le 10.6 30 173 


Industries 48, 49 and 50 are fictive industries used for estimating the use of groups of commodities where the precise commodity content is unknown. 


of the most energy intensive industries showed declines 
between 2.1% and 3.5% per year. 


FUEL AND ELECTRICITY SHARES BY 
INDUSTRY 


The analysis to this point has concentrated on total 
use of energy and not on the fuels that constitute this total. 
Table 7 shows the percentage share of each type of energy 
in total use, by industry, in 1986. In total, the dominant en- 
ergy type is natural gas with a share of nearly 33%, fol- 
lowed by electricity at roughly 25% and fuel oil at 24%. 


Coal shows up as only 2.5% of energy use in the pri- 
mary metals industry because most of it is converted to 
coke before use - coke in turn constitutes 28.6% of the en- 
ergy used in this sector. Natural gas is the major energy in- 
put to pipeline transport, but is also important in beverages 
and fabricated metals. Gasoline is the dominant energy 
source in wholesale trade, to power fleets of delivery vehi- 
cles. Fuel oil, which includes diesel and aviation gasoline, 
is the chief energy source for the transport industry and 
logging and forestry. Finally, electricity is the major energy 
input to the paper products industry. 


SUMMARY 


The distribution of energy consumption across broad 
sectors has changed little since 1971, and the use of ener- 
gy in the business sector remains highly concentrated in a 
few large industries. Crude oil and natural gas prices have 
been extremely volatile since 1973, while residential ener- 
gy prices, particularly for electricity, have risen faster than 


8 Statistics Canada - Cat. No. 11-528E 


the general price level since 1981. There is an overall trend 
towards increasing energy efficiency evident in the de- 
creasing energy intensiveness of basic materials and in the 
direct use of energy per dollar of output in the major energy 
consuming industries. Among categories of final expendi- 
ture, exports, investment in fixed capital and imports, all 
showed marked declines in energy intensiveness from 
1981 to 1986. 
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2 Canadian Greenhouse 
Gas Emissions: An Input- 
Output Study 


by Robert Smith’ 


INTRODUCTION 


Statistics Canada has recently initiated development 
of a set of accounts that will form an environmental compo- 
nent for the Canadian System of National Accounts. Four 
accounts will comprise this component: a natural resource 
stock account, a natural resource use account, a waste 
and pollutant output account and an environmental ex- 
penditure account. 


The work presented below has been undertaken as a 
pilot study for the waste and pollutant output account. This 
account will integrate information on the types, quantities 
and destinations of waste material generated by economic 
activity into a framework based on the Canadian input-out- 
put tables published annually by Statistics Canada. In the 
present study information on the types and quantities of 
greenhouse gases released from Canadian production and 
consumption activity have been analyzed using an aug- 
mented version of the 1985 input-output tables (Statistics 
Canada, 1989). The general method for augmenting the in- 
put-output tables used here is based on the work of Victor 
(1972).° 


Greenhouse gas emissions have been chosen for this 
pilot account for two reasons. First, greenhouse gas emis- 
sions are currently under scrutiny in Canada and else- 
where because of the likelihood that increased 
atmospheric concentrations of these gases will create an 
enhanced greenhouse effect (see below). The federal gov- 
ernment, for its part, has committed Canada to the stabili- 
zation of greenhouse gas emissions at 1990 levels by 
2 000 (Government of Canada, 1990). It is hoped that the 
work presented here will aid in the effort to meet this goal. 
Second, in contrast to many categories of waste emis- 
sions, a good deal of data are available for estimating 
greenhouse gas emissions. Thus, it is possible to present a 
very complete pilot account of these emissions. 


1. The author would like to thank Patrick Adams for his work in developing 
the energy disposition tables that were used in this study. 


2. Those readers interested in more details of input-output modelling and its 
use for environmental analysis are referred to the appendix at the end of 
this chapter. Details of the input-output model used in this study are avail- 
able on request from the author. 
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THE GREENHOUSE EFFECT 


The atmosphere surrounding the earth consists almost 
entirely of nitrogen and oxygen, with the remaining portion 
comprised of a variety of gases found in very low concen- 
trations. A certain group of these trace gases are responsi- 
ble for what has come to be known as the “greenhouse 
effect’, which can be briefly explained as follows. 


Short wave solar radiation passes relatively unhin- 
dered through the earth’s atmosphere to the surface of the 
planet. Objects on the surface absorb this incoming radia- 
tion and are warmed. The warmed objects, in turn, re-emit 
longer wavelength (infrared) radiation back into the atmos- 
phere. The atmosphere is less transparent to infrared radi- 
ation than it is to short wave radiation however. Trace 
quantities of water vapour, carbon dioxide (CO,), methane 
(CH,), nitrous oxide (N50) and a few other gases absorb 
some of the out-going infrared radiation, re-radiating it back 
to the earth's surface. In this way they act like the glass 
covering on a greenhouse. By preventing a portion of the 
infrared radiation from escaping to space, these “green- 
house gases” keep global temperatures much warmer than 
would be the case in their absence. 


It is worth noting that the greenhouse effect is a natu- 
rally occurring phenomenon; it has not been created by hu- 
man activity. However, there is concern that human- 
induced changes in the atmospheric concentrations of the 
greenhouse gases may significantly enhance the naturally 
occurring greenhouse effect. Although some evidence of 
the expected increase in global mean temperature has al- 
ready been noted, an unequivocal demonstration of the en- 
hanced greenhouse effect is not expected for at least 
another decade (Intergovernmental Panel on Climate 
Change, 1992). Studies have demonstrated conclusively, 
however, that the atmospheric concentrations of COs, CH, 
and N2O have significantly increased from their pre-indus- 
trial values as a result of anthropogenic emissions (ibid.).° 
Humankind has also introduced a new and extremely pow- 
erful set of greenhouse gases into the atmosphere. Known 
collectively as the chlorofluorocarbons (CFCs), each of 
these has thousands of times the ability of CO. to absorb 
infrared radiation. 


ESTIMATED 1985 GREENHOUSE GAS 
EMISSIONS BY ECONOMIC SECTOR 


Table 1 lists the greenhouse gases that are included in 
this study. Emissions of these gases result from the activi- 
ties of businesses, households* and governments. All 
three sectors purchase and consume commodities that ei- 
ther contain greenhouse gases that are released upon use 


3. Although water vapour is the most important greenhouse gas in terms of 
overall warming power, its atmospheric concentration is not affected sig- 
nificantly by human activities. 


4. Households in this context include non-profit organisations. 


Statistics Canada - Cat. No. 11-528E 9 


Canadian Greenhouse Gas Emissions: An Input-Output Study 


(paints and solvents, for example) or that are converted to 
greenhouse gases as a result of use (fossil fuels are the 
most important example of the latter type of commodity). 
Using the emissions data discussed at the end of this 
chapter in combination with data from the 1985 input-out- 
put tables, it has been possible to estimate the 1985 green- 
house gas emissions from 49 industries and 4 categories 
of household and government expenditure. These esti- 
mates are shown in Table 2. 


Table 1: Greenhouse Gases Included in this Study 


Name Formula / Acronym 
Carbon dioxide CO, 
Methane CH4 
Nitrous oxide N2O 
Volatile organic carbon compounds VOCs 
Nitric oxide and nitrogen dioxide NO, 
Carbon monoxide co 


The data presented in Table 2 show that the electric 
power and other utilities industry (34) was the largest in- 
dustrial emitter of CO, in 1985. This industry also rates as 
the largest industrial emitter when ranked in terms of CO, 
equivalent emissions.' The transportation industry (30), 
primary metals industry (20), agriculture industry (1), and 
chemical products industry (27) make up the remainder of 
the top five industrial emitters in terms of CO. equivalents. 


Table 2: Greenhouse Gas Emissions by Sector, 1985 


COp  COp equiv.! 


Sector 


The concentration of industrial greenhouse gas emissions 
is highlighted by the fact that these five industries alone ac- 
counted for almost 58% of total CO. equivalent emissions 
from industries in 1985. The top ten emitters accounted for 
76% of total industrial CO equivalent emissions. 


A direct cause and effect relationship exists between 
fossil fuel consumption and greenhouse gas emissions. It 
is not surprising, then, that four of the top five CO, equiva- 
lent emitting industries also rank among the five largest in- 
dustrial consumers of fossil fuels. The agriculture industry 
stands out as something of an anomaly in this regard. It 
ranks fourth in terms of CO» equivalent emissions, but 
eighth in terms of fossil fuel consumption. The reason for 
the relatively high ranking of the agriculture industry in 


1. CO» equivalent emissions are calculated using the concept of global 

warming potential (Intergovernmental Panel on Climate Change, 1992). 
Global warming potential (GWP) is the potential contribution to global 
warming over a specified time period (usually 20 or 100 years) of a given 
greenhouse gas relative to that of COs, which is assigned a GWP of 1. 
When 100 years is the considered time period, methane is calculated to 
have a GWP of 11, and nitrous oxide to have a GWP of 270. This means, 
for example, that the emission of one tonne of CH4, considered over a 
period of 100 years from the date of emission, is equivalent to the emis- 
sion of 11 tonnes of COs in terms of its potential contribution to global 
warming. 
No GWP values exist for VOCs, NO, and CO. Thus, it is not possible to 
include these gases in CO» equivalent emission estimates. The reader is 
cautioned to keep this exclusion in mind when interpreting the COs equiv- 
alent emission data presented here. 


Business sector 


1 Agriculture 9 525 24 663 
2 Fishing and trapping 1134 1 187 
3 Logging and forestry 2076 2 151 
4 Mining 6 563 8 220 
5 Crude oil and natural gas 7 845 16 459 
6 Quarries and sand pits 474 488 
7 Services related to mineral extraction 2 303 2 381 
8 Food processing 4773 4816 
9 Beverages 1054 1 064 
10 Tobacco products 63 63 
11 Rubber products 511 514 
12 Plastic products 350 353 
13 Leather products 126 127 
14 Textiles 1 263 1 269 
15 Clothing 231 233 
16 Wood products 1796 1815 
17 Furniture 315 318 
18 Paper products 9 985 10 046 
19 Printing and publishing 423 427 
20 Primary metals 24 492 25 060 
21 Fabricated metals 2 002 2017 
22 Machinery 760 766 
23 Transport equipment 2772 2791 


CH, N20 VOC NOx co COz COz equiv.' 
kilotonnes rank 

973 16 64 ZA 610 8 4 

-- - 10 14 96 29 29 

-- - 10 30 88 21 21 

140 - if 48 81 14 12 

779 - 33 184 143 an 6 

-- 1 z 10 35 35 

14 29 136 20 20 

10 9 33 15 16 

2 3 8 30 30 

= 46 46 

5 2 1 34 34 

= 1 2 40 40 

- - - 45 45 

a < 2 2 6 27 28 

= : = 2 43 43 

= : 48 10 860 23 23 

= 2 4 = 2 42 42 

- - 19 38 96 7 9 

- 1 1 4 38 38 

- 2 15 35 449 3 3 

-- 12 2 8 22 22 

- -- 3 1 4 33 33 

- 28 4 11 19 19 
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Table 2: Greenhouse Gas Emissions by Sector, 1985 


COz COs equiv.! 


Sector 
24 Electrical products 989 995 
25 Non-metallic minerals 12 678 12721 
26 Refined petroleum 8 201 8 302 
27 Chemical products 12612 16 903 
28 Other manufacturing 450 454 
29 Construction Ths 7 848 
30 Transport industry 33 713 34 874 
31 Pipeline transport 4519 4891 
32 Storage 418 423 
33 Communication 1417 1 453 
34 Electric power & other utilities 84 540 85 300 
35 Wholesale trade 7 239 7 537 
36 Retail trade 8 760 8 983 
37 Finance and real estate 11 444 11 540 
38 Insurance 161 165 


39 Government royalties on resources E = 
40 Owner occupied dwellings = : 


41 Business services 1412 1 456 
42 Education services 330 332 
43 Health services 1 258 1 290 
44 Accommodation and food 4331 4 361 
45 Amusement and recreation 440 445 
46 Personal services 946 961 
47 Other services 1673 1736 
48 Operating supplies 
49 Travel, advertising & promotion 4 300 4 536 
50 Transportation Margins - 
Sub-total, business sector 290 181 323 596 
Household sector 
Motor fuels & lubricants 40 694 44 709 
Home heating fuels 48719 48 986 
All other goods 3 007 3061 
Government - current expenditures oe eee 
Sub-total, household and government sectors 119 278 114 980 
400 459 438 576 


Total, whole economy 
Notes: 
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CH, N5O voc NO, co CO CO>r equiv.' 
kilotonnes rank 
- - 1 7 31 31 
- _ 27 62 4 de 
- 51 39 240 10 11 
- 16 233 29 31 5 5 
- - 3 1 3 36 36 
1 1 132 93 841 12 13 
14 4 98 259 614 2 2 
32 - - 16 15 
- - 3 39 39 
- - 8 7 63 25 26 
16 2 15 272 142 1 1 
1 1 60 48 418 13 14 
i 1 44 34 305 10 
= - 8) 10 66 6 8 
= E 1 1 5 44 44 
- 9 7 66 26 25 
i = 1 41 41 
- - 6 4 41 28 27 
1 2 10 BWA 18 
1 1 4 37 37 
- 21 14 32 32 
13 9 90 24 24 
47 = : 47 47 
1 i 55 39 386 18 17 
1 962 48 1106 1 432 6 060 
1 14 374 251 2514 
1 111 41 641 
0 101 Ue 55 
1 59 52 289 
15 17 645 351 3 499 
1977 65 1750 1783 9 559 


Readers familiar with input-output accounting will note that the format of this table does not correspond exactly to that of the national input-output tables. Specifically, the following categories of 
final demand have been excluded: fixed capital formation, inventory change, imports and exports. These have been excluded because they do not result in direct greenhouse gas emissions 


and because their exclusion simplifies the presentation. 


Industries 48, 49 and 50 are fictive industries used for estimating the use of groups of commodities whose precise content is unknown. 
1 COxz equivalent emissions include COs emissions plus N2O and CH, emissions expressed as equivalent CO. emissions. 


terms of CO, equivalents is found in its very large emis- 
sions of CH, and NO. Farm animals, cattle in particular, 
release a great deal of CH, during their digestion process- 
es. This accounts for almost all of the CH, emissions from 
the agriculture industry. Nitrification processes in soils to 
which nitrogenous fertilizers have been applied account for 
the very large emissions of N2O. The agriculture industry is 
estimated to have accounted for 50% of total industrial CH, 
Biuesions and 33% of total industrial NoO emissions in 
1985. 
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Table 2 shows an estimated 114 980 kt of CO. equiva- 
lent emissions from households and governments in 1985, 
which represents more than 26% of the economy-wide 
emissions. The majority (93%) of household and govern- 


1. Had it been possible to include landfill CH, emissions in this study, other 
industries would have shown higher CH, emissions in Table 2 to the ex- 
tent that they contribute to bio-degradable material in landfill sites. Since 
landfill CH, emissions represent 38% of total CH4 emissions as estimat- 
ed by Environment Canada (Jaques, 1992, p. xviii), this exclusion puts 
the agriculture industry in an unfairly poor light in comparison to other in- 
dustries. 
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ment CO» equivalent emissions come from the consump- 
tion of motor and heating fuels. 


The conventional wisdom that industry, especially 
heavy manufacturing, is the major polluter in the economy 
is borne out by the results presented in Table 2, at least in 
terms of greenhouse gas emissions. It should not be left 
unsaid, however, that households account for more CO, 
equivalent emissions than any single industry. 


GREENHOUSE GAS INTENSITY OF 
PRODUCTION 


It is possible, using an input-output model, to estimate 
the greenhouse gas emissions associated with the delivery 
of $1 000 of a given commodity (that is, a good or a serv- 
ice) to final consumption.' The nature of input-output mod- 
els is such that both the direct and indirect emissions 
associated with commodity production can be included in 
these estimates. Direct emissions are defined as the emis- 
sions from the commodity producing industry. Emissions 


1. Final consumption includes household consumption expenditure, invest- 
ment in fixed capital, inventory change, government current expenditure 
and net exports. 


from those industries that supply the producing industry 
with the inputs used in the commodity’s production are de- 
fined as indirect emissions. Table 3 shows the direct and 
indirect greenhouse gas emissions associated with the de- 
livery to final consumers of $1 000 worth of each of 92 
unique commodities. 


The first value in Table 3 indicates that in 1985 each 
$1 000 worth of grain purchased by final consumers result- 
ed in the emission of an estimated 0.8963 t of CO2 from 
Canadian industries. The other values shown in Table 3 
can be similarly interpreted. 


It is interesting to compare the greenhouse gas inten- 
sity of various commodities but, before doing so, a note of 
caution is in order. In many cases, more than one commod- 
ity is produced by a given industry. For example, both 
grains and live animals are produced by the agriculture in- 
dustry. In these cases, the greenhouse gas intensity of the 
co-produced commodities will be identical, and will reflect 
the average intensity of one unit of “production” from the in- 
dustry regardless of what commodities comprise this pro- 
duction. The reader is warned, then, not to take the 
rankings of co-produced commodities as absolute, but in- 


Table 3: Greenhouse Gas Intensity of Commodities, 1985 


Commodity CO, COp equiv. | 
1 Grains 0.8963 1.7768 
2 Live animals 0.8963 1.7768 
3 Other agricultural products 0.8968 1.7707 
4 Forestry products 0.7561 0.8194 
5 Fish landings 1.1486 1.2268 
6 Hunting & trapping products 1.1486 1.2268 
7 \ron ores & concentrates 1.0858 1.2866 
8 Other metal ores & concentrates 1.2093 1.3826 
9 Coal 1.0859 1.2867 

10 Crude mineral oils 0.4835 0.7761 
11 Natural gas 0.4871 0.7775 
12 Non-metallic minerals 0.8894 1.0660 
13 Services incidental to mining 0.8305 0.8795 
14 Meat products 0.7083 1.0286 
15 Dairy products 0.7091 1.0272 
16 Fish products 0.7115 1.0285 
17 Fruit & vegetable preparations 0.7051 1.0188 
18 Feeds 0.7050 1.0165 
19 Flour, wheat, meal & other cereals 0.7093 1.0274 
20 Breakfast cereal & bakery products 0.6905 0.9618 
21 Sugar 0.7093 1.0274 
22 Miscellaneous food products 0.7061 1.0209 
23 Soft drinks 0.6271 0.6816 
24 Alcoholic beverages 0.6270 0.6815 
25 Tobacco, processed unmanufactured 0.4016 0.5012 
26 Cigarettes & tobacco, manufactured 0.4016 0.5012 
27 ‘Tires & tubes 0.5814 0.6486 
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CH, N50 voc NO, co COz COs equiv.! 
tonnes per thousand dollars rank 

0.0555 0.0010 0.0054 0.0087 0.0386 28 12 
0.0555 0.0010 0.0054 0.0087 0.0386 27 11 
0.0549 0.0010 0.0053 0.0087 0.0384 26 13 
0.0033 0.0001 0.0037 0.0080 0.0255 34 43 
0.0022 0.0002 0.0091 0.0134 0.0859 19 25 
0.0022 0.0002 0.0091 0.0134 0.0859 20 26 
0.0158 0.0001 0.0019 0.0068 0.0136 23 24 
0.0133 0.0001 0.0020 0.0063 0.0165 17 20 
0.0158 0.0001 0.0019 0.0068 0.0136 22 23 
0.0266 0.0000 0.0017 0.0071 0.0082 66 46 
0.0264 0.0000 0.0018 0.0071 0.0083 65 45 
0.0136 0.0001 0.0026 0.0079 0.0134 29 28 
0.0020 0.0001 0.0042 0.0075 0.0329 30 41 
0.0193 0.0004 0.0033 0.0046 0.0198 40 30 
0.0191 0.0004 0.0032 0.0046 0.0197 39 34 
0.0190 0.0004 0.0032 0.0047 0.0201 36 31 
0.0187 0.0004 0.0032 0.0046 0.0196 42 36 
0.0185 0.0004 0.0032 0.0046 0.0196 43 37 
0.0191 0.0004 0.0032 0.0046 0.0197 38 32 
0.0173 0.0003 0.0032 0.0044 0.0189 45 40 
0.0191 0.0004 0.0032 0.0046 0.0197 37 33 
0.0188 0.0004 0.0033 0.0046 0.0197 41 35 
0.0025 0.0001 0.0019 0.0025 0.0092 49 52 
0.0025 0.0001 0.0019 0.0025 0.0092 50 53 
0.0066 0.0001 0.0017 0.0023 0.0100 78 69 
0.0066 0.0001 0.0017 0.0023 0.0100 79 70 
0.0012 0.0002 0.0045 0.0022 0.0053 55 54 
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Table 3: Greenhouse Gas Intensity of Commodities, 1985 


Commodity CO. CO» equiv. CH, N2O VOC NO, co COp —COp equiv.' 
tonnes per thousand dollars rank 

28 Other rubber products 0.5595 0.6300 0.0015 0.0002 0.0041 0.0021 0.0054 57 58 

29 Plastic fabricated products 0.6252 0.6957 0.0015 0.0002 0.0045 0.0022 0.0067 51 51 

30 Leather & leather products 0.3737 0.4205 0.0018 0.0001 0.0017 0.0015 0.0050 81 77 

31 Yarns & man made fibres 0.6046 0.6437 0.0011 0.0001 0.0025 0.0018 0.0052 52 55 

32 Fabrics 0.5893 0.6273 0.0010 0.0001 0.0023 0.0017 0.0051 54 59 

33 Other textile products 0.5931 0.6311 0.0010 0.0001 0.0024 0.0018 0.0052 53 56 

34 Hosiery & knitted wear 0.2678 0.2788 0.0010 0.0000 0.0010 0.0010 0.0038 86 86 

35 Clothing & accessories 0.2773 0.2883 0.0010 0.0000 0.0010 0.0010 0.0039 85 85 

36 Lumber & timber 0.6619 0.7076 0.0017 0.0001 0.0067 0.0046 0.0937 46 48 

37 Veneer & plywood 0.6588 0.7045 0.0017 0.0001 0.0067 0.0046 0.0951 47 49 

38 Other wood fabricated materials 0.6567 0.7024 0.0017 0.0001 0.0065 0.0045 0.0888 48 50 

39 Furniture & fixtures 0.4607 0.4976 0.0009 0.0001 0.0028 0.0017 0.0140 69 71 

40 Pulp 1.2551 1.3041 0.0020 0.0001 0.0034 0.0056 0.0192 13 21 

41 Newsprint & other paper stock 1.2516 1.3006 0.0020 0.0001 0.0034 0.0056 0.0193 15 22 

42 Paper products 1.1080 1.1559 0.0019 0.0001 0.0034 0.0048 0.0167 21 27 

43 Printing & publishing 0.4115 0.4203 0.0008 0.0000 0.0014 0.0018 0.0068 75 78 

44 Advertising & print media 0.4024 0.4112 0.0008 0.0000 0.0014 0.0017 0.0067 77 80 

45  |ron & steel products 1.7957 1.8849 0.0032 0.0002 0.0020 0.0042 0.0296 9 9 

46 Aluminum products 1.8807 1.9710 0.0033 0.0002 0.0020 0.0044 0.0311 7 7 

47 Copper & copper alloy products 1.8711 1.9614 0.0033 0.0002 0.0020 0.0044 0.0309 8 8 

48 Nickel products 1.8991 1.9905 0.0034 0.0002 0.0020 0.0045 0.0314 5 6 

49 Other non ferrous metal products 1.7604 1.8496 0.0032 0.0002 0.0023 0.0042 0.0287 10 10 

50 Boilers, tanks & plates 0.6995 0.7452 0.0017 0.0001 0.0020 0.0020 0.0096 44 47 

51 Fabricated structural metal products 0.9377 0.9856 0.0019 0.0001 0.0021 0.0026 0.0139 25 38 

52 Other metal fabricated products 0.7413 0.7870 0.0017 0.0001 0.0021 0.0021 0.0105 35 44 

53 Agricultural machinery 0.4295 0.4383 0.0008 0.0000 0,0012 0.0013 0.0064 72 74 

54 Other industrial machinery 0.5271 0.5684 0.0013 0.0001 0.0016 0.0017 0.0080 63 64 

55 Motor vehicles 0.3313 0.3379 0.0006 0.0000 0.0015 0.0010 0.0046 84 84 

56 Motor vehicle parts 0.3430 0.3496 0.0006 0.0000 0.0015 0.0011 0.0047 82 82 

57 Other transport equipment 0.4242 0.4330 0.0008 0.0000 0.0017 0.0018 0.0064 73 75 

58 Household appliances & receivers 0.4106 0.4194 0.0008 0.0000 0.0014 0.0013 0.0063 76 79 

59 Other electrical products 0.3807 0.3884 0.0007 0.0000 0.0013 0.0012 0.0059 80 81 

60 Cement & concrete products 2.7703 2.8237 0.0024 0.0001 0.0023 0.0072 0.0168 3 3 

61 Other non-metallic mineral products 2.5183 2.5706 0.0023 0.0001 0.0024 0.0066 0.0158 4 4 

62 Gasoline & fuel oil 0.7634 0.9730 0.0166 0.0001 0.0037 0.0063 0.0163 33 39 

63 Other petroleum & coal products 0.8114 1.0458 0.0164 0.0002 0.0052 0.0061 0.0136 32 29 

64 Industrial chemicals 1.2530 1.5681 0.0041 0.0010 0.0151 0.0044 0.0097 14 14 

65 Fertilizers 1.0299 1.5340 0.0314 0.0006 0.0057 0.0073 0.0237 24 16 

| 66 Pharmaceuticals 1.2420 1.5582 0.0042 0.0010 0.0158 0.0043 0.0091 16 15 
| 67 Other chemical products 1.2023 1.5218 0.0045 0.0010 0.0148 0.0043 0.0095 18 17 
| 68 Scientific equipment 0.4344 0.4735 0.0011 0.0001 0.0021 0.0016 0.0069 70 73 
69 Other manufactured products 0.5485 0.5953 0.0018 0.0001 0.0023 0.0019 0.0083 59 60 

70 Residential construction 0.5311 0.5724 0.0013 0.0001 0.0035 0.0033 0.0231 61 62 

71 Non-residential construction 0.5311 0.5724 0.0013 0.0001 0.0035 0.0033 0.0231 60 61 

72 Repair construction 0.5311 0.5724 0.0013 0.0001 0.0035 0.0033 0.0231 62 63 

73 Pipeline transportation 1.8972 2.0501 0.0139 0.0000 0.0004 0.0018 0.0024 6 5 

74 Transportation & storage 1.3950 1.4776 0.0026 0.0002 0.0044 0.0101 0.0258 11 18 

75 Radio & television broadcasting 0.2085 0.2129 0.0004 0.0000 0.0010 0.0010 0.0064 91 91 

76 Telephone & telegraph 0.2085 0.2129 0.0004 0.0000 0.0010 0.0010 0.0064 90 90 

77 Postal services 0.2085 0.2129 0.0004 0.0000 0.0010 0.0010 0.0064 89 89 
| 78 Electric power 4.7870 4.8338 0.0018 0.0001 0.0012 0.0157 0.0098 1 1 
| 729 Other utilities 4.7827 4.8295 0.0018 0.0001 0.0012 0.0156 0.0098 2 2 
80 Wholesale margins 0.4793 0.5250 0.0017 0.0001 0.0030 0.0027 0.0167 68 66 

| 81 Retail margins 0.4904 0.5025 0.0011 0.0000 0.0018 0.0021 0.0117 64 68 
82 Imputed rent, owner occupied dwellings 0.0337 0.0348 0.0001 0,0000 0.0002 0.0002 0.0013 92 92 
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Table 3: Greenhouse Gas Intensity of Commodities, 1985 


Commodity CO COz equiv." 
83 Other finance, insurance & real estate 0.4206 0.4305 
84 Business services 0.2149 0.2204 
85 Education services 0.5570 0.5658 
86 Health services 0.2173 0.2217 
87 Amusement & recreation services 0.3333 0.3399 
88 Accommodation & food services 0.5609 0.6308 
89 Other personal & miscellaneous services 0.4794 0.5163 
90 Transportation margins 1.3543 1.4099 
91 Operating, office, lab. & food supplies 0.4329 0.4863 
92 Travel, advertising & promotion 0.8121 0.8622 


CH, NoO Niele; NO, co COp COs eauiv.! 
tonnes per thousand dollars rank 

0.0009 0.0000 0.0009 0.0012 0.0049 74 76 
0.0005 0.0000 0.0012 0.0011 0.0068 88 88 
0.0008 0.0000 0.0010 0.0016 0.0050 58 65 
0.0004 0.0000 0.0010 0.0009 0.0056 87 87 
0.0006 0.0000 0.0010 0.0012 0.0055 83 83 
0.0039 0.0001 0.0011 0.0019 0.0068 56 57 
0.0009 0.0001 0.0028 0.0021 0.0119 67 67 
0.0026 0.0001 0.0042 0.0098 0.0250 12 19 
0.0024 0.0001 0.0046 0.0020 0.0084 7A 72 
0.0021 0.0001 0.0054 0.0056 0.0350 31 42 


Note: 


1 CO, equivalent emissions include CO» emissions plus NoO and CH, emissions expressed as equivalent CO emissions. 


stead as general indicators of their greenhouse gas intensi- 
ty relative to other commodities. 


When either CO. or CO, equivalent emission intensity 
is considered, electric power (78) was the most polluting 
commodity produced in the Canadian economy in 1985. 
“Other utilities” (79) (mainly natural gas and water supply) 
ranked second. Note that commodity 79 is co-produced 
with electricity by the electric power and other utilities in- 
dustry (industry 34 in Table 2). Cement (60) and other non- 
metallic mineral products (61) were ranked next. Pipeline 
transportation (73) and the primary metals - iron and steel 
(45), aluminum (46), copper (47), nickel (48) and other 
non-ferrous metals (49) - round out the list of the ten most 
highly CO, intensive commodities produced in 1985. 


The agricultural and food commodities (1-3 and 14-22) 
show significant increases in intensity when ranked in or- 
der of CO, equivalents. This change is expected given the 
large emissions of CH, and N.O from the agriculture indus- 
try shown in Table 2 above. 


INDUSTRIAL EMISSIONS BY FINAL 
DEMAND CATEGORY 


Production activity takes place to meet the demand for 
commodities from final consumers. It is reasonable, then, 
to ask what portion of total industrial greenhouse gas emis- 
sions are attributable to the production required to meet the 
demand from different final consumption categories. Table 
4 shows such a breakdown of industrial greenhouse gas 
emissions.' As one might expect, production to meet the 
demand for commodities from households is responsible 


mk 


. It must be emphasized that the figures shown in Table 4 are the emis- 
sions associated with the production activity required to meet the demand 
for commodities from final consumption categories. They do not repre- 
sent the emissions associated with the consumption of these commodi- 
ties once they have been purchased. The latter were shown in Table 2. 
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for the greatest portion of industrial greenhouse gas emis- 
sions. 


Some explanation is required for the row labelled “im- 
ports” in Table 4. The emissions reported in this row are not 
the actual emissions that occurred in other countries during 
the manufacturing of Canada’s imported commodities. 
Rather, they represent the emissions that would have ob- 
tained had we produced domestically, instead of importing, 
this group of commodities. The assumption implicit in these 
estimates is that foreign industries emit the same quantities 
of greenhouse gases in producing one unit of a particular 
commodity as do Canadian industries. 


The results reported in Table 4 indicate that Canada 
exported a more greenhouse gas intensive set of goods 
and services than it imported in 1985. Put another way, 
Canada was a net exporter of greenhouse gas emissions 
as a result of its international trade. 


CO, EMISSIONS PER UNIT OF ENERGY 
CONSUMPTION, 1970-1990 


It was noted above that greenhouse gas emissions are 
causally related to fossil fuel consumption. In particular, an- 
thropogenic CO, emissions result mainly from the combus- 
tion of fossil fuels. 


The magnitude of fuel combustion-related CO, emis- 
sions is a function of two variables. Most obviously, the 
quantity of fossil fuels burned has a direct impact on the 
magnitude of CO» emissions. Less obvious is the effect of 
the variability of CO, emissions per unit of energy across 
fossil fuel types. Since each fuel type results in different 
CO, emissions per unit of energy, the composition of over- 
all energy consumption will affect aggregate CO» emis- 
sions. A shift in consumption from coal to natural gas, for 
example, would result in lower CO, emissions, other things 
equal, since natural gas combustion results in only 55% as 
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Table 4: Industrial Greenhouse Gas Emissions by Demand Category, 1985 


Final Demand Category COs COp equiv. ' CH, NoO voc NO, co 
kilotonnes 
Household expenditure 127 299 142 198 839 21 402 586 2 060 
Investment in fixed capital 39 423 41 829 96 5 238 226 1502 
Exports 98 433 113 259 906 18 358 502 2044 
Imports 69 088 78 550 492 15 298 288 1 105 
Government current expenditure 21 685 23 320 75 3 94 103 383 
Note: 


1. CO equivalent emissions include CO, emissions plus N20 and CH, emissions expressed as equivalent CO emissions. 


much COz per unit of energy as does the combustion of ural gas is the least CO, intensive fossil fuel (ibid.), and pri- 
coal (Jaques, 1992, p. xx). mary electricity does not result in any direct CO, 
emissions, this change in energy mix results in the de- 
Figure 1 shows the effect on total fossil fuel combus- creasing trend shown in Figure 1. The percentage of con- 
tion-related CO, emissions of the changing composition of sumption met by coal also increased during this period, but 
Canadian energy consumption during the period 1970- not enough to offset the reduction in CO, intensity resulting 
1990. It is clear from this figure that the trend in Canada from the increased share of natural gas and primary elec- 
since 1970 has been toward a less COz intensive energy tricity. 


mix. CO» emissions per unit of total energy consumption 
declined at an annual rate of 0.29 t/TJ over this period. 


Figure 2: Composition of Total Energy 
Consumption, 1970-1990 


Figure 1: Direct CO, Emissions per Unit of 
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The reasons for the decline in the CO. intensity of en- 
ergy consumption can be seen in Figure 2, which shows 
the composition of total energy consumption during the pe- 
riod 1970-1990. During the past two decades, the share in 
Canadian energy consumption of both natural gas and pri- 
mary electricity (hydro and nuclear) has increased, entirely 


at the expense of petroleum-based fossil fuels.! Since nat- 
1. Petroleum-based fossil fuels include diesel fuel, light and heavy fuel oils, 
kerosene, motor and aviation fuels. 
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CONCLUSION 


Several useful pieces of information have emerged 
from the results presented above. Perhaps most important 
is the highly concentrated nature of industrial greenhouse 
gas emissions. When considered in terms of CO. equiva- 
lent emissions, the five largest industrial sources account- 
ed for almost 58% of 1985 industrial emissions. Particularly 
noteworthy is the fact that the electric power and other utili- 
ties industry alone was responsible for 26% of all industrial 
emissions. The very large emissions from this industry 
meant that electricity was the most greenhouse gas inten- 
sive commodity in the Canadian economy in 1985. Each 
$1 000 worth of electricity delivered to final consumers re- 
sulted in the emission of nearly 5 tonnes of CO» equiva- 
lents. 


The importance of transportation activity in total green- 
house gas emissions is also clear from the above analysis. 
The transportation industry (which includes for-hire land, 
air and marine transportation services) is the second larg- 
est source of CO, equivalent gas emissions among all in- 
dustries. This is so even though the emissions from 
transportation activity undertaken by firms, households or 
governments on own-account are not included in the esti- 
mated emissions from the transportation industry. All told, 
transportation is a significant source of greenhouse gas 
emissions. 


Households also appear as very important sources of 
greenhouse gas emissions. The consumption of commodi- 
ties by households contributed almost 22% of economy- 
wide 1985 CO, equivalent emissions. On top of this are the 
142 Mt of CO. equivalent emissions, or 44% of total indus- 
trial emissions (see Table 4), that are associated with the 
production of commodities ultimately purchased by house- 
holds. This is not meant to imply that households are solely 
responsible for the greenhouse gases emitted during the 
production of the commodities they purchase; the respon- 
sibility for these emissions must be shared between the 
consumers who demand the commodities and the indus- 
tries that meet this demand. Nonetheless, it serves to high- 
light the importance of household consumption in overall 
greenhouse gas emissions. 


To conclude, it can be said that the input-output ac- 
counting and modelling frameworks have proven to be use- 
ful tools for the analysis of greenhouse gas emissions. The 
majority of anthropogenic greenhouse gas emissions have 
been included in the input-output model used here and 
some interesting results have followed. However, where 
the nature of emissions is such that there exists no linear 
and constant relationship to annual economic activity, spe- 
cifically in the cases of CFCs and landfill methane emis- 
sions, the input-output framework alone is inappropriate. 
Future work will require the development of extensions to 
the framework that will allow the incorporation of emissions 
that are sporadic, stock driven or otherwise related in an 
non-linear way to human activity. 
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DATA SOURCES AND EMISSION 
ESTIMATION METHOD 


The gases considered in this study include carbon di- 
oxide, methane, nitrous oxide, volatile organic compounds 
(VOC), nitric oxide and nitrogen dioxide (collectively, NO,) 
and carbon monoxide (CO). 


Chlorofluorocarbons are notable for their absence in 
this list. The reason for this absence is explained briefly a 
few paragraphs below. Also missing from the list is tropo- 
spheric ozone (O,)', another powerful greenhouse gas. 
Tropospheric ozone has been excluded because it is not 
emitted to an appreciable extent as a by-product of eco- 
nomic activity. Instead, it is formed in the troposphere 
through chemical reactions involving the precursor gases 
VOC, NO, and CO, all of which are emitted in large quanti- 
ties as by-products of economic activities. 


The method and coefficients used in the estimation of 
the 1985 emissions of carbon dioxide, methane and nitrous 
oxide have been adopted from an Environment Canada re- 
port titled Canada’s Greenhouse Gas Emissions Estimates 
for 1990 (Jaques, 1992). The COs, CH, and N2O emission 
estimates reported here are, with some important differenc- 
es, directly comparable with those published for 1990 by 
Environment Canada. 


The first, and most obvious, difference between the 
estimates reported here and those reported by Environ- 
ment Canada is that the former are for the year 1985, while 
the latter are for the year 1990. It was not possible to use 
1990 as the base year for this study as no input-output ta- 
bles for that year are yet available. 1985 was chosen in- 
stead, because of the availability of a good inventory of 
VOC, NOx and CO emissions. 


More significant than the choice of a different base 
year is the exclusion of CFC emissions in the present 
study. This exclusion is due in part to a lack of data to es- 
tablish the link between CFC emissions and economic ac- 
tivity at the detailed level represented in the input-output 
tables. It is also a function of the somewhat inflexible na- 
ture of the input-output structure which only allows the 
modelling of greenhouse gas emissions with constant and 
linear relationships to annual economic activity. Many types 
of CFC emissions do not meet this criterion. In any given 
year CFC emissions are, to a large extent, determined by 
the stock of the chemicals that has accumulated in prior 
years and, therefore, bear little relationship to economic 
activity in that year.? 


A third departure is the exclusion here of several emis- 
sion sources included in the Environment Canada report. 
These have been excluded mainly because of the afore- 


1. The troposphere is the lowest level of the earth's atmosphere. 


2. Environment Canada estimates that 1990 CFC emissions amounted to 
11 kt (Jaques, 1992, p. xviii). 
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mentioned lack of data and/or inflexibility of the input-out- 
put framework. With respect to COs, emissions from non- 
energy uses of petroleum products other than ammonia 
production (1990 estimate: approximately 10 000 kt) have 
been excluded, as well as all biomass related CO, emis- 
sions.' The following sources of CH, emissions have also 
been excluded: waste incineration (< 2 kt), landfill sites (1 
405 kt) and slash burning (38 kt). As already noted, landfill 
sites account for 38% of the total 1990 CH, emissions esti- 
mated by Environment Canada (Jaques, 1992; p. xviii). 
Thus, the estimated total 1985 CH, emissions reported 
here are significantly lower than Environment Canada's 
1990 estimate. Finally, the emissions of N2O from nitric 
acid production, anaesthetics, propellants and high-voltage 
transmission lines have all been excluded here. These 
sources account for less than one percent of total 1990 
NO emissions estimated by Environment Canada. | 


The last departure from Environment Canada’s 1990 
greenhouse gas inventory is the inclusion of VOC, NO, 
and CO. Only COs, CH, N20 and CFC emissions are esti- 
mated in the former. The inclusion VOC, NO, and CO 
yields more complete information and is not without prece- 
dent. A major international body engaged in research on 
global warming, the Intergovernmental Panel on Climate 
Change, includes these gases in its list of greenhouse gas- 
es (Intergovernmental Panel on Climate Change, 1992), as 
does the International Energy Agency of the Organisation 
for Economic Cooperation and Development (International 
Energy Agency, 1991). For the sake of completeness and 
because of the international precedents, it was decided 
that VOC, NO, and CO should be included in this study. 


. The estimated total VOC, NO, and CO emissions re- 
ported in this study match those reported in the Canadian 
Emissions Inventory of Common Air Contaminants (1985) 
(Kosteltz and Deslauriers, 1990 and Deslauriers, Personal 
communication) with, again, some important differences. 
The most significant of these is the exclusion of the follow- 
ing emission sources in the present study: forest fires (201 
kt VOC, 37 kt NO,, 1 141 kt CO); slash burning (96 kt VOC, 
20 kt NO,, 1 134 kt CO); structural fires (6 kt VOC, 12 kt 
CO); and municipal and industrial incineration (6 kt VOC, 2 
kt NO,, 9 kt CO). These sources have been excluded be- 
cause they are not related in a linear and constant way to 
identifiable economic activity. 


Another difference with the Environment Canada 
study, of less importance, is the modified procedure for es- 


1. Biomass emission sources include the combustion of wood and spent 
pulping liquor wastes at pulp and lumber mills; slash burning; forest fires; 
fuelwood combustion; municipal and industrial waste incineration; and 
landfill sites. Environment Canada excludes these emissions from the es- 
timated total CO, emissions reported in Canada’s Greenhouse Gas 
Emissions Estimates for 1990 because of uncertainty in estimating the 
magnitude of the corresponding natural sink for CO» (such as growing 
forests). Because it did not have a reliable estimate of both the biomass 
sink and source terms, Environment Canada felt it misleading to include 


only biomass COs sources in its estimated total emissions. The estimat- 


ed magnitude of biomass COs emissions in 1990 is 109 Mt 
(Jaques, 1992, p. xviii). 
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timating VOC, NO, and CO emissions from heavy duty 
road vehicles (trucks and buses) used in this study. In spite 
of this, the estimated emissions from these vehicles are in 
good agreement in the two studies. Furthermore, since 
heavy duty road vehicles contribute a relatively small pro- 
portion of the total emissions of these three gases, the dif- 
ferences in these estimates have little effect on the 
estimated total emissions. The estimated emissions of 
VOC, NO, and CO from government activities are higher 
than those reported in the other study, also because of a 
different estimation method. Again, the effect of this differ- 
ence on total emissions is very small. 


It should be emphasized that, the exclusion of the ma- 
jor emission sources mentioned above notwithstanding, 
the estimated total 1985 VOC, NO, and CO emissions re- 
ported here agree closely with those published in the Ca- 
nadian Emissions Inventory of Common Air Contaminants 
(1985). 


APPENDIX 


The input-output accounts published by Statistics Can- 
ada contain detailed information on annual production and 
consumption activities in the Canadian economy. The ac- 
counts consist of three tables. A “make” table lists the dol- 
lar values of all commodities produced by each Canadian 
industry. A “use” table details the purchases of these same 
commodities by industries for use as inputs in the produc- 
tion of other commodities. These purchases are referred to 
as intermediate commodity use. A “final demand” table lists 
the dollar values of commodities purchased by households 
and governments, investment in fixed capital, inventory 
change and net exports (exports less imports). The struc- 
ture of the input-output accounts is such that there exists 
an identity between total commodity production (from the 
make table) and intermediate plus final consumption (from 
the use and final demand tables). 


Using the three tables of the input-output accounts, 
and given two assumptions regarding the structure of pro- 
duction activity, it is possible to derive linear models (called 
input-output models) of the relationship between final com- 
modity use and the levels of production activity required to 
meet this use. 


A useful quality of input-output models is their ability to 
capture both the direct and indirect impacts of final demand 
on production activity. The impact of the demand for auto- 
mobiles on the output of the automobile industry is a good 
example. As the demand for automobiles changes, the out- 
put of the automobile industry will adjust to reflect this 
change. This is an example of a direct impact of demand 
on production activity. There are, however, further impacts 
that will result from a change in the demand for cars. The 
steel industry, for instance, will also see the demand for its 
product affected by such a change. The change in demand 
for steel is an example of an indirect impact of demand on 
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production activity. Such indirect demands can propagate 
through many industries of as a result of a change in the 
demand for just one commodity. Input-output models cap- 
ture all these changes automatically, estimating the effect 
of a change in the demand for one or more commodities 
across the entire spectrum of economic activity. 


There are some limitations on input-output modelling 
that should be noted. Most significant are the “snapshot” 
representation of the economy in the input-output ac- 
counts, and the assumption of fixed proportionality be- 
tween the inputs employed in production processes and 
the outputs of these processes. To the extent that techno- 
logical change is present in the economy, the first assump- 
tion limits the capacity of input-output models for accurately 
predicting future economic activity. Thus, the technique is 
most useful for studying the impact of demand changes in 
a given year or, at most, a few years into the future. The 
second assumption limits the accuracy of input-output 
models for impact analysis in any time period, as the ca- 
pacity for input substitution that exists in the actual econo- 
my is not captured in the constant-proportion input-output 
framework. 


Beyond purely economic analysis, input-output model- 
ling can also be used to study the relationship between 
economic activity and the use of raw materials and genera- 
tion of wastes. To do so requires two modifications to the 
standard conception of the input-output accounts. First, it is 
necessary to introduce physical quantities into the input- 
output framework. Second, the framework must be ex- 
panded beyond its normal market-activity boundary to in- 
clude the non-marketed inputs and outputs of economic 
activity. Once these changes to the accounting framework 
are made, the incorporation of environmental inputs and 
outputs into the framework is conceptually no different than 
the incorporation of any marketed input or output. Just as 
industries produce commodities for the marketplace, they 
also produce waste materials that can be released into the 
environment. Similarly, just as industries purchase com- 
modities for use in their production processes, they also 
make use of non-marketed inputs from the environment, air 
and water for example. It is possible to incorporate tables 
showing the inputs and outputs of these environmental 
commodities, in physical quantities, into the standard input- 
output framework. Assuming that these environmental 
commodities are produced and consumed in fixed propor- 
tion to the production and consumption of marketed com- 
modities, a set of input-output accounts so modified can be 
used to study the relationship between production, con- 
sumption and the use of the environment as a source of 
raw materials and a sink for wastes. 
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3 Pulp and Paper Industry 
Compliance Costs 


by Craig Gaston 


INTRODUCTION 


The pulp and paper industry is currently under consid- 
erable scrutiny by environmentalists, regulators and the 
general public. This resource based industry is the main 
livelihood for over 76,000 Canadians and has a long histo- 
ry as one of Canada's most important economic activities. 
The industry has made significant progress over the last 20 
years in reducing pollution but as the volume of production 
has increased and our ability to study the composition and 
the effects of the pollutants has improved, regulations have 
become more stringent. The increased concern over pollu- 
tion comes at a time when U.S. customers are demanding 
a higher recycled fibre content in newsprint and European 
buyers are beginning to give preference to paper that has 
not been bleached with chlorine. These pressures trans- 
late necessarily into expensive capital expenditures and 
coincide with a period of weak demand and increasingly 
strong competition. 


BACKGROUND 


Canadian mills are often criticized for being old and in- 
efficient. Fifty-eight percent of Canadian newsprint ma- 
chines commenced operation prior to 1950 compared to 
28% in the U.S. and 7% in Scandinavia. Also, 15% of an- 
nual production capacity is greater than 400 tonnes a year 
in Canada compared to 30% in the U.S., 80% in Sweden, 
40% in Finland and 20% in Norway (Sinclair, 1990). Indus- 
try analysts claim that Canadian companies must modern- 
ize, shift to higher value products such as fine papers, and 
invest in pulp and paper mills outside of Canada (Headlam 
and Stevenson, 1990, p. 43). 


This study examines the estimated cost of compliance 
to the 1992 federal regulations on traditional pollutants. 
How do compliance costs vary according to the type of 
treatment facility in place? What effect does the age ofa 
mill have on estimated expenditures? How do these costs 
vary according to region, type of product, capacity, profita- 
bility, recent investment or foreign control? The aim of this 
chapter is to shed light on the nature of the pulp and paper 
pollution problem in Canada and on how the industry will 
be affected by certain federal regulations which take effect 
this year. 
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Economic Importance of Pulp and Paper 


The pulp and paper industry comprised 82 firms which 
operated 147 mills in 1989. Although concentrated in Que- 
bec, Ontario and British Columbia, plants are located in 
every province with the exception of Prince Edward Island. 
In terms of value added, the industry ranks first among all 
manufacturing industries in Canada, followed by the auto- 
mobile industry. The industry has declined in relative im- 
portance since the fifties, when it accounted for 5.3% of 
GDP, to 1.4% of GDP in 1989. Canada ranks second in the 
world in terms of wood pulp production, and first in terms of 
exports of this commodity. Pulp and paper products ac- 
counted for 15% of total exports and 0.6% of employment 
in 1990. 


The industry is currently under considerable financial 
pressure due to a combination of economic and environ- 
mental factors. The recent recession has resulted in many 
temporary mill shutdowns and several permanent closings. 
Environmentally, U.S. customers' increasing insistence 
upon recycled paper content and stricter pollution regula- 
tions portend large capital expenditures for de-inking mills 
and pollution abatement equipment. 


Environmental Concerns 


The pulp and paper industry is the focus of considera- 
ble attention due to its environmental impact. In 1987, 
waste discharges from the pulp and paper industry were 
the major industry-related environmental concern in British 
Columbia and New Brunswick according to provincial envi- 
ronmental authorities (Sinclair, 1990, p. 177). In Ontario 
and Quebec, the industry ranked third amongst polluting in- 
dustries and only the chemical industry (a major supplier to 
the pulp and paper industry) and the mining industry were 
rated as high as the pulp and paper industry Canada-wide 
(Sinclair, 1990, p. 177). The industry has, however, made 
substantial environmental improvements over the last 20 
years. 


Water pollution has received most of the attention ac- 
corded to pulp and paper mills. The industry is not “... a sig- 
nificant contributor to global air pollution problems, such as 
acid rain or warming. Its [air pollution] problems are very lo- 
calized and most likely nuisance odour-type problems” 
(Paul Shepson in Jamieson, 1991, p. 12). Pollution dis- 
charged to water consists mainly of wood particles too 
small to be filtered, organic material (mainly lignin) from the 
wood and waste chemicals used in the pulping and bleach- 
ing process. The wood particles, measured as total sus- 
pended solids (TSS), upset the aquatic habitat and ruin fish 
spawning beds. The dissolved organic material decompos- 
es and in the process uses oxygen thereby reducing the 
ability of the water to support life. This potential is generally 
measured as biochemical oxygen demand (BOD) ex- 
pressed in kilograms per tonne of product. Other organic 
materials such as resins, fatty acids and sulphur com- 
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pounds are acutely toxic to fish. Mills that use elemental 
chlorine for bleaching have also been identified as a signif- 
icant source of dioxins and furans, which are discharged in 
the wastewater (Environment Canada, 1991, p. 14-19). En- 
vironment Canada considers these substances to be highly 
toxic. 


Regulation 


The pulp and paper industry is currently faced with 
new federal regulations governing the release of various 
pollutants. From 1971 until 1991 only new mills or mills that 
underwent significant expansion were subject to restric- 
tions under the Fisheries Act. The new constraints, intro- 
duced in 1992 and effective in December 1992, apply to all 
mills (although the criteria are somewhat different for mills 
discharging their effluent to off-site treatment facilities). The 
1992 federal regulations, under the authority of the Fisher- 
ies Act, apply to the discharge of BOD, TSS, and effluents 
acutely lethal to fish. New regulations were also estab- 
lished under the authority of the Canadian Environmental 
Protection Act (CEPA) requiring the elimination of dioxins 
and furans from the effluent of pulp and paper mills per- 
forming chlorine bleaching. Regulations controlling de- 
foamers and wood chip insecticides were also 
implemented under CEPA. Some provinces have also 
passed regulations limiting or banning organochlorines, a 
whole class of compounds which result from chlorine 
bleaching and which include dioxins and furans. This study 
examines the costs related to the abatement of TSS, BOD, 
and toxicity. Only mills that discharge effluent directly to re- 
ceiving waters are examined here. 


Treatment Facilities for Traditional Pollutants 


Primary treatment facilities remove from 80 to 90% of 
the settleable portion of the suspended solids, usually by 
means of gravity clarifiers or settling basins. Secondary 
treatment is designed to remove BOD associated with the 
dissolved organic materials in the effluent, and normally 
uses a biological process. In Canada, aerated lagoons are 
most often used for secondary treatment. The objectives of 
this process are to reduce the BOD by 70% to 95% and to 


Table 2: Attributes of Mills by Region 


render the effluent non-toxic to fish. Although these facili- 
ties do reduce toxicity they are not effective in eliminating 
dioxins and furans. 


The estimated capital cost to pulp and paper mills to 
be in compliance with the 1992 regulations is $2.2 billion 
(1990 dollars) or about $23 million per mill. This cost can 
vary from over $100 thousand to $100 million depending 
upon the circumstances of an individual establishment (De- 
partment of Fisheries and Oceans, 1991). By way of com- 
parison, the average annual investment from 1978 to 1989 
by mills in this study was $16.8 million per mill in 1989 dol- 
lars. 


Table 1 shows that most pulp and paper mills in this 
study had primary treatment facilities in 1989 (84%). In 
1989, only 30% of the mills in the sample had secondary 
treatment facilities. On average, mills without secondary 
treatment produced over 34 kg of BOD per tonne whereas 
those with these facilities generated effluent containing 8.8 
kg per tonne, just over the 1992 federal limit of 5 kg per 
tonne. On average, the mills considered here generate 11.4 
kg of TSS per tonne while the new limit is 7.5 kg per tonne. 


Table 1: Treatment Facilities, 1989 


Treatment facilities Mills TSS BOD Capacity 
tonnes 
number kg per tonne per day 
None 20 19.3 dina 379 
Primary only 67 8.9 34.2 600 
Primary and secondary 37 9.9 8.8 784 
All direct discharge mills 124 11.4 23.9 619 


Source: 
Environment Canada, Regulatory Affairs and Program Integration Branch. 


The variation in BOD factors by region reflects, to a 
large degree, the use of secondary treatment. Table 2 
shows that only 13% of Quebec mills had secondary treat- 
ment facilities in 1989 and the BOD factors were highest in 
this province. Similarly, Prairie province mills had the lowest 
average BOD factor and the highest incidence of second- 
ary treatment. 


Mills with treatment facilities Effluent 
Region Mills Primary Secondary Tss BOD TSS BOD 
number percentage kg per tonne per mill thousand tonnes per day (all mills) 
Atlantic Provinces 19 81 25 13.6 24.5 118 215 
Quebec 49 82 13 11.9 28.5 220 888 
Ontario 27 96 27 4.6 19.1 75 304 
Prairie Provinces 6 100 85 27.9 12.2 88 39 
British Columbia 23 81 52 12.6 21.9 234 383 
Canada 124 84 30 11.4 23.9 735 1829 


Source: 
Environment Canada, Regulatory Affairs and Program Integration Branch. 
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The inverse relationship between BOD factors and the 
incidence of secondary treatment is not perfect, however, 
as shown by British Columbia where the BOD factor is al- 
most the same as the Canadian average and more than 
half the mills have secondary treatment facilities. Process 
type is another important variable in explaining BOD fac- 
tors. 


COST OF COMPLIANCE TO RECENT 
FEDERAL REGULATIONS ! 


It is possible to assess the financial impact of the 1992 
federal pollution regulations on pulp and paper mills by ex- 
amining the estimated compliance costs? in the light of his- 
torical investment and earnings. 


Traditionally, measures related to the pulp and paper 
industry are expressed in terms of a tonne of final product. 
This measure is widely understood by industry experts but 
it does not provide an intuitive appreciation for the actual 
impact of the required expenditures in relation to a mill's 
earnings. In this study we will examine the compliance 
costs relative to average annual investment in new plant 
and equipment and to average annual surplus’. In both 
cases we have calculated averages over time to avoid the 
cyclical variation which is inherent in data pertaining to this 
industry. The averages are based upon 12 years of data in 
the case of investment and 9 years for surplus. The data 
have been recalculated in 1989 dollars. 


We will examine two ratios. The first is the capital cost 
of compliance per dollar of average investment by each 
mill. This ratio can be thought of as the number of years of 
average equivalent investment (AEl). The second ratio is 
the annualized capital cost plus operating cost per dollar of 
average surplus’, hereafter referred to as the annualized 
cost ratio (ACR). The AEI is interesting in that it shows the 
impact of the estimated pollution abatement costs in terms 
of recent historical investment but it is incomplete since the 
investment in a mill does not reflect a mill's profitability. Ta- 
ble 3 shows that the ratio of average investment to average 
surplus increases with decreasing surplus suggesting that 
there is a minimum amount of investment required for a mill 
to remain competitive and that more profitable mills can 
distribute a larger proportion of profits as dividends. Of the 


1. Except where explicitly noted, all references to data in this section refer to 
Table 3. 


2. Estimates of capital and operating costs for specific mills were prepared 
by N. McCubbin Consultants Inc. These data were used by Environment 
Canada to evaluate the anticipated impact of the Pulp and Paper Effluent 
Regulations published in the Canada Gazette on December 14, 1991. 


3. Surplus is defined here as the value of shipments less the cost of energy, 
materials and labour. Since the study is conducted at the level of the indi- 
vidual mill, it is not possible in most cases to determine actual profits. 
Surplus, as defined here, includes head office overhead, certain pur- 
chased services, depreciation and profits. 


4. The capital cost is expressed as annual payments over 20 years amor- 
tized at 8.19% (See McCubbin, 1990, p 63.) 
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two ratios, the ACR is perhaps the best measure of the im- 
pact of the regulations on a mill. 


The AEI seems to be independent of the level of the 
ACR. However, it is clear that the overall compliance costs 
per dollar of surplus are inversely proportional to the ACR. 


The average capital cost of compliance per mill is esti- 
mated at $25.7 million in 1989 dollars compared to $17.0 
million of average investment. This is equal to 1.5 years of 
average equivalent investment (AEl). Average estimated 
annualized cost per mill is $4.4 million or 7.9% of the aver- 
age annual surplus of $55.3 million. 


Presence of Treatment Facilities 


One of the most important factors determining compli- 
ance costs is whether a mill has already invested in treat- 
ment facilities. Twenty one mills already equipped with 
primary and secondary facilities must invest, on average, 
almost $13 million. This amount represents about half of a 
year's average equivalent investment. In comparison, 13 
mills with no treatment facilities must invest almost $27 mil- 
lion or 2.2 years of AEI. This difference results from the 
combination of higher capital costs and lower average in- 
vestment for mills without facilities. In terms of the ACR, 
mills with both types of facility must spend 3% of surplus 
annually compared to 14% for mills with no facilities. The 
majority of the mills considered here have primary treat- 
ment facilities only. 


Capacity 


Mill capacity does not seem to be a factor in terms of 
the years of AEI needed to comply with the regulations ex- 
cept for the smallest mills for which the AEI is 4.69 years. 
However, there is a clear correlation between mill size and 
the ACR which ranges from 6% for mills producing more 
than 1000 tonnes per day to 19.5% for the smallest mills 
producing less than 200 tonnes per day. 


Although there are important economies of scale in 
this industry, they do not seem to be related to mill capaci- 
ty. It is the size of the pulp and paper machines that mat- 
ters: the total output can be produced by one large 
machine or two or more small ones. From Table 3 it can be 
seen that mills producing fewer than 300 tonnes per day 
were substantially less profitable than average yet so were 
the mills producing between 620 and 800 tonnes per day. 
The best performing mills had a daily capacity of between 
300 and 620 tonnes per day. These mills had an average 
surplus of $247 per tonne compared to only $232 per tonne 
for mills producing over 1000 tonnes per day. Mills produc- 
ing in the range of 620 to 800 tonnes per day are particular- 
ly notable, given their size, their relatively high compliance 
costs and low profitability representing an ACR of 13%. 
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Table 3: Cost of Compliance and Other Measures 


Compliance costs 


Annualized 
Mills with Investment Surplus 
secondary Average Average over over Over 
Mills Capacity BOD utilities investment surplus surplus production Capital Operating production A.E.l. = A.C.R. 
tonnes kg per dollars per dollars per dollars per percent 
number perday tonne percent millions of dollars dollar tonne _ millions of dollars tonne years _ of surplus 
All mills 86 721 30.2 24.4 17.0 55.3 0.31 227 25.7 2.3 18.0 1.51 7.9 
Treatment 
None 13 504 21.5 5 12.3 35.5 0.35 223 27.2 2.8 31.4 2.22 14.1 
Primary only 52 693 40.6 aE 15.9 53.5 0.30 226 30.5 2.6 PANT 1.92 9.6 
Primary & sec. 21 925 9.8 100.0 22.5 72.1 0.31 230 12.8 Us| 6.8 0.57 2.9 
Capacity (tonnes per day) 
Over 1000 A 1 428 24.0 41.2 27.9 1114.1 0.25 232 38.3 3.5 13.8 1.37 5.9 
800 to 1000 14 885 33.9 28.6 23.4 66.2 0.35 210 28.7 2.3 14.7 1.23 7.0 
620 to 800 9 706 43.4 44.4 24.2 46.9 0.52 198 39.0 3.1 26.8 1.61 13.5 
300 to 620 34 478 32.3 14.7 11.4 40.0 0.29 247 21.0 1.9 22.1 1.84 9.0 
200 to 300 8 273 21.1 12:5 5.7 16.7 0.34 207 7.9 1.4 25.6 1.39 12.3 
Under 200 4 136 13.8 0.0 1.3 6.6 0.20 228 6.2 0.8 age 4.69 19.5 
Year built 
Before 1900 8 365 14.0 0.0 8.6 30.3 0.28 256 13.8 Act 19.3 1.61 75 
1900 to 1971 64 769 35.6 18.8 18.8 59.6 0.32 226 29.4 RTE 19.2 1.56 8.5 
After 1971 7 619 9.0 100.0 15.2 49.2 0.31 232 5.1 0.4 3.9 0.34 Az, 
Product 
Integrated kraft 15 1127 16.2 46.7 21.2 89.5 0.24 241 29.9 Cath 13.7 1.41 5.7 
Market kraft 19 746 18.1 47.4 17.6 58.9 0.30 222 20.3 1.6 12.1 1.15 ae 
Mechanical 5 457 11.9 20.0 17.1 27.9 0.61 176 12.5 2.0 18.8 0.73 10.7 
Newsprint 29 757 36.2 6.9 17.8 62.2 0.29 237 30.4 2.6 19.6 1.70 8.2 
Other paper and 9 250 10.7 ihe 3.2 16.3 0.19 227 45 0.5 11.8 1.43 5.2 
board 
Sulphite, semi- 9 497 89.2 ident 19.4 22.9 0.85 159 43.2 4.0 52.5 2.23 33.1 
chemical and 
dissolving 
Region 
Atlantic 11 713 31.8 27.3 17.7 47.3 0.37 190 25.2 2.0 16.4 1.42 8.6 
Provinces 
Quebec 36 615 35.1 8.3 15.7 49.3 0.32 242 27.3 2 21.4 1.74 8.9 
Ontario 17 635 27.2 11.8 11.6 52.5 0.22 250 19.7 2.2 18.2 1.70 7.3 
Prairie Provinces 4 633 14.5 75.0 26.5 53.5 0.49 211 10.2 lee 8.1 0.39 3.8 
B.C. coastal 9 1214 40.8 33.3 29.2 99.8 0.29 229 55.0 5.1 22.1 1.89 9.7 
B.C. interior 9 865 10.5 77.8 14.9 50.6 0.29 193 8.6 1.0 6.5 0.58 3.3 
Investment 
Capital > average 31 1 052 32.8 32.3 32.0 84.3 0.38 230 38.5 3.5 18.2 1.20 7.9 
Capital < average 55 535 28.7 20.0 8.5 39.0 0.22 224 18.5 1.6 ATA 2.17 79 
Control 
Canadian 54 661 34.3 16.7 15.0 48.0 0.31 221 26.5 2.2 20.4 i TMT 9.2 
Foreign 32 823 23.2 37.5 20.2 67.7 0.30 234 24.2 2.3 14.9 1.20 6.4 
Surplus (dollars per tonne) 
Over 250 22 709 28.1 36.4 17.1 75.7 0.23 299 26.1 2.3 17.4 1.52 5.8 
200 to 250 21 953 23.0 19.0 19.0 78.1 0.24 237 28.6 PALE 15.3 1.50 6.5 
160 to 200 22 696 35.8 18.2 17.9 46.8 0.38 196 26.9 2.3 18.8 ol 9.6 
Under 160 21 528 33.6 23.8 13.8 20.1 0.69 132 21.0 1.9 23.5 1.53 17.8 


Sources: 
Statistics Canada, National Accounts and Environment Division. 
Environment Canada, Regulatory Affairs and Program Integration Branch. 
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Age and Modernization 


The year that a mill was built does not necessarily dic- 
tate its efficiency or its pollution abatement except for mills 
which were built since 1971 when the first federal regula- 
tions came into effect. This fact is illustrated by the very low 
ACR (2%) for mills built since 1971 compared to 8.5% for 
mills built between 1900 and 1971. Those built prior to 
1900 must spend, on average, 7% of annual surplus to be 
in compliance. It is interesting to note that the surplus per 
tonne of capacity was almost the same for recent mills and 
older mills, confirming that the actual age of the mill is not 
an important variable in profitability. 


On the other hand, if modernization can be equated to 
a high level of investment averaged over the last 12 years 
then mills with above average investment might be expect- 
ed to perform better and generate less pollution. This ten- 
dency exists to some extent as the surplus per tonne of 
capacity was $230 for high investors compared to $224 for 
low investors. The latter group of mills have a much smaller 
capacity (535 tonnes compared to 1052 tonnes per day). 
Although the mills with above average investment have a 
higher percentage of secondary treatment facilities (32% 
compared to 20%) their BOD factors are slightly higher. 
This reflects the fact that the smaller mills are less likely to 
produce their own pulp. Both groups of mills must spend 
8% of their surplus annually to comply with the regulations, 
indicating that higher investment did not generally put mills 
in a better position with respect to compliance costs. 


Product 


The indicators by product category are very uneven, 
reflecting the underlying production processes and the 
presence of secondary treatment facilities. This latter varia- 
ble, however, seems to be linked to the type of process. 
For instance, half of the producers of market kraft pulp in 
this sample have secondary treatment facilities yet their 
capital costs per tonne of product are higher than those of 
other paper and board mills, 11% of which have secondary 
facilities. Since the latter generally do not produce their 
own pulp, their BOD factors are low. 


Although the AE! is much below average for mechani- 
cal pulp mills, these mills have one of the highest ACRs 
due to relatively high operating costs and a lower than av- 
erage surplus per tonne of product. By far the highest com- 
pliance costs per dollar of surplus have been estimated for 
mills producing sulphite, semi-chemical or dissolving pulps. 
These mills generate a very high level of BOD and have a 
lower than average percentage of secondary facilities. 
Their required capital costs per tonne of product are three 
times the average and their surplus per tonne is 30% less 
than the average. These factors result in an ACR of 33% 
for the 9 mills in this category. These mills have an impor- 
tant impact on other characteristics in Table 3. 
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Regionally, Quebec producers face the highest abso- 
lute compliance costs but they also produce more pulp and 
paper than those in other regions. Quebec mills account for 
44% of the total capital costs of compliance but in terms of 
costs per dollar of surplus, mills on the Pacific coast! are 
the most affected. Average capital costs per mill in Quebec 
are estimated at $27 million, or about 1.7 years of AEl 
compared to 1.9 years for British Columbia coastal mills 
and only 0.4 years for mills in the Prairie provinces. 


For the ACR, the pattern is similar although the differ- 
ences between the regions are less marked. Mills in the 
Prairie provinces and the interior of British Columbia must 
spend 3% of surplus annually while mills on the Pacific 
coast must devote 10%. According to this measure there is 
little difference between mills in Eastern Canada despite 
the fact that Quebec has the lowest percentage of mills al- 
ready equipped with secondary treatment facilities. The rel- 
atively low average surplus per tonne of product during the 
eighties in the Atlantic provinces and in the British Colum- 
bia interior mills increases this measure compared to other 
regions. In contrast, the above average surplus in Ontario 
reduces the relative impact of compliance costs in this 
province. 


Control 


The average capital and operating compliance costs 
are much the same for Canadian and foreign controlk2d 
mills yet the former were somewhat less profitable and 
thus had higher compliance costs relative to surplus. The 
54 Canadian controlled mills had an AEI of 1.8 compared 
to 1.2 for the 32 foreign controlled mills. 


The ratio of average investment to average surplus is 
very similar for both groups despite the higher surplus per 
tonne of product for the foreign controlled mills. (As shown 
in Table 3 for all mills considered here, there is generally an 
inverse relationship between level of surplus and this ratio). 
Average investment is indeed larger for foreign controlled 
mills but they are also larger and the investment per tonne 
of capacity is similar. There is no indication, therefore, that 
foreign controlled mills are less inclined to reinvest their 
earnings. On the other hand, the higher percentage of sec- 
ondary treatment in foreign controlled establishments does 
not necessarily reflect a higher expenditure on pollution 
abatement. It would be necessary to examine the historical 
ownership records to determine this. 


1. It is important to distinguish between B.C. coastal and interior mills be- 
cause of the marked difference in their circumstances. Most interior mills 
had already acquired secondary treatment facilities whereas the coastal 
mills were relatively unequipped. Furthermore, due to the limited area 
surrounding coastal mills, it is necessary for many of them to use the ac- 
tivated sludge treatment process which is more costly. 
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Mills in Compliance 


The mills that are deemed to have no costs resulting 
from the 1992 federal regulations on traditional pollutants 
are smaller, less profitable and had a higher investment per 
tonne of production than those for which such expenditures 
were assessed (Table 4). The low surplus per tonne of 
these mills seems to be mainly related to their product. 
These mills do not, by and large, produce newsprint or kraft 
pulp, products that generated a relatively high surplus per 
tonne during the eighties. 


Table 4: Characteristics of Mills With and 
Without Compliance Costs 


With Without 

compliance compliance 

costs costs 
Number of mills 86 25 
Average capacity (tonnes per day) 721 408 
Average surplus (dollars per tonne) 210 169 
Average investment (dollars per tonne) 64 104 
Number with secondary facilities (percent) 24 48 


Sources: 
Statistics Canada, National Accounts and Environment Division. 
Environment Canada, Regulatory Affairs and Program Integration Branch. 


CONCLUSIONS 


On average, mills not in compliance with the new fed- 
eral regulations must spend an estimated 8% of operating 
surplus annually to purchase and operate the required 
treatment facilities. This percentage is inversely correlated 
with the production capacity of the mill and is strongly relat- 
ed to the type of product and the amount and type of pollu- 
tion abatement equipment already in place. Although 
Eastern Canadian mills are often singled out as being old 
and less efficient, of the mills considered it is the British Co- 
lumbia coastal mills that must devote the largest percent- 
age of their surplus to this type of expenditure. For mills 
built before 1971, neither the age of the mill nor the level of 
investment over the last 12 years explains much of the var- 
iation in this percentage. Foreign controlled mills tended to 
perform better than Canadian controlled mills and had a 
higher percentage of secondary facilities already opera- 
tional in 1989. These factors resulted in the former mills 
having a lower compliance cost per dollar of surplus. 


Using average surplus as a denominator in the above 
measure gives an interesting perspective on the relative 
burden of compliance costs. Clearly, however, the perform- 
ance of mills during the eighties is not necessarily a good 
predictor of their performance during the nineties, when the 
expenditures will have to be made. The high price of mar- 
ket pulp contributed substantially to surplus in the latter 
part of the decade. According to McCubbin (1990, p. 68), 
“the highest concentration of vulnerable mills is in the prov- 
ince of Quebec. All such mills are typified by high produc- 
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tion costs, dated equipment vintage and high compliance 
costs.” We have shown, however, that Quebec mills per- 
formed better than average during the eighties and invest- 
ed a proportion of surplus equivalent to the average of all 
mills considered. The ACR in Quebec was only one per- 
centage point higher than the general average. This poten- 
tial contradiction illustrates one of the hazards of 
comparing estimated future costs to actual historical finan- 
cial data. In the final analysis, however, there is no signifi- 
cant difference in the average surplus per tonne of product 
for mills that have both primary and secondary facilities, 
those that have only primary facilities or those that have 
none, a fact that suggests that pollution abatement costs 
have not detracted from the performance of pulp and paper 
mills in the past. 


DATA SOURCES AND MEASUREMENT 
PROBLEMS 


The following data files were used for this study: 


Pollution Data 


Information on BOD factors and treatment facilities 
came from the Pulp and Paper Mill Profile System de- 
scribed in Statistics Canada (1992, p. 96). The data pertain 
to 1989. This database contains information on 124 direct 
discharge mills. 


Estimated Compliance Costs 


As noted in the text, these data come from a report 
prepared for Environment Canada by N. McCubbin Con- 
sultants Inc. The report states that: 


“The approach of calculating estimates for each mill was 
selected as the best way of estimating the total costs for 
each industry sector and geographic region. Clearly, 
such estimates can never be as reliable as those based 
on detailed engineering analysis, flowsheets, site layout, 
soils studies and contractors bid prices. Several capital 
cost estimates were checked against independent esti- 
mates based on detailed studies, and were found to be 
within 20% of the latter costs. Some extreme mills are 
bound to exist where the individual costs estimated for 
this report are either excessive or inadequate. However, 
it is considered that the aggregate of any reasonably 
sized sub-set of mills (such as Quebec newsprint mills) 
is accurate within 20%” (McCubbin, 1990, p. 56). 


Manufacturing Data 


Records from the manufacturing survey for individual 
mills classified to SIC 271 were processed to obtain 1989 
production figures by type of product. Surplus was calculat- 
ed for the period 1981-1989 by subtracting the cost of ma- 
terials, fuel and labour from the value of shipments. As 
noted in the text, this value is equivalent to operating profit 


Environmental Perspectives 1993 


before depreciation and depletion allowances except that it 
includes head office expenses. Since the study considers 
individual mills, it was not possible to derive a net profit es- 
timate at this level. A weighted average of the annual sur- 
plus was calculated using the GDP implicit price deflator. 


Investment Data 


It was possible to obtain investment data dating back 
to 1979 from the Capital and Repair Expenditure Survey 
conducted by Statistics Canada. Although data exist prior 
to this year, it would have been difficult to match individual 
mills. Averages were computed using the price indexes for 
capital expenditure on plant and equipment for paper and 
allied industries. 


Record Matching 


The matching of company names by location was rela- 
tively straightforward, especially with the help of the Pulp & 
Paper Canada Annual for 1989. In some cases one source 
reported data on a combined basis whereas other sources 
reported on the individual establishments. Mills for which 
all data were not available were omitted from parts of the 
analysis. This problem explains the variance in the number 
of mills reported. For instance, in Table 4 only 111 of the 
124 direct discharge mills could be matched to combine in- 
formation on surplus and investment. In Table 3 only 86 of 
the 94 mills reported as having compliance costs could be 
matched to show all the variables. 


Variance 


The variance about the mean is quite high in many 
cells of the tables presented in this study. Although exclud- 
ing the outliers would have an effect on the mean in some 
cases, the difference is not large enough to change the 
conclusions. It should be noted, however, that the meas- 
ures for a mill in any given category may be quite different 
from the average. 
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4 Transportation of 
Dangerous Goods 


by Marcia Santiago 


INTRODUCTION 


Cargo transportation is an essential element of eco- 
nomic activity. The transportation system itself — roads, 
railways, pipelines and seaways — is a tangible link be- 
tween industrial production and the consumer population. 


Many aspects of transportation are associated with 
some level of environmental impact, including fossil fuel 
consumption, land use change and pollution from both the 
vehicles and people that use the transportation network. 
These may be measured in terms of either energy and ma- 
terial consumed or substances released into the environ- 
ment. Other aspects of transportation, such as 
environmental risk, are not so easily quantified. This is be- 
cause risk to the environment is quite different in nature 
from impact. The potential for impact is substantially more 
difficult to describe than an actual or realized effect. It is, 
nonetheless, a dynamic element of the relationship be- 
tween the human and physical environments. 


This chapter examines the regulation concerning the 
transport of dangerous goods in Canada. This is followed 
by the presentation and discussion of a variety of data on 
the tonnage of dangerous goods moved by various modes 
of transport, and on accidents involving dangerous goods. 
These two sets of data are used to estimate some simple 
indicators of the risk of accidental release of material asso- 
ciated with transportation of dangerous goods. 


TRANSPORT REGULATIONS 


In a practical sense, risk in transportation is usually 
understood in terms of human safety. Transportation is reg- 
ulated on two levels: in the economic or competitive con- 
text, as well as in terms of safety. Safety is one of the main 
objectives of the National Transportation Policy (National 
Transportation Act 1987). 


Dangerous goods are encountered in many economic 
activities, notably in many basic resource industries. In var- 
ious forms, they are involved in virtually all types of manu- 
facturing. Many are not intrinsically dangerous to the 
physical environment. In fact, most are regulated on the 
basis of their potential danger to transportation safety and 
human health. The term “dangerous goods” may, as such, 
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be misleading in an environmental context but it is used in 
this chapter because it is the regulatory term of reference. 


In Canada, the movement of dangerous goods is 
largely controlled through the federal Transport of Danger- 
ous Goods Act (1985) and its associated Regulations 
(1985, 1989). This legislation applies to all domestic and 
international movements of dangerous goods by Canadian 
Carriers. 


Within this context, dangerous goods are those com- 
modities recognized by the Act as “any product, substance, 
or organism included by its nature or by the regulations in 
any of the classes listed in the Schedule” to the Act. This 
schedule contains over 3 000 commodities, which are clas- 
sified by United Nations Product Identification Numbers 
(PIN). These dangerous goods are aggregated into nine 
classes which form the basis of specific regulatory meas- 
ures. Dangerous goods are controlled at all stages of 
transport: labelling of shipments, identification of hazard- 
ous substances on bills of lading and cargo manifests, and 
marking of vehicles. These regulations also stipulate train- 
ing of anyone handling, offering to transport, or transport- 
ing dangerous goods. 


THE ECONOMIC CONTEXT 


Table 1: Dangerous Goods Transported, by Mode 
of Transport, 1986 


Class Rail Road Marine 
thousand tonnes 
1. Explosives (potentially explosive 51 115 14 
material) 
2. Compressed or liquefied gases 5 647 1158 246 
3. Flammable and combustible liquids 3748 18186 10 283 
4. Flammable and combustible solids attics 359 283 
5. Oxidizers and organic peroxides 645 1562 155 
6. Poisonous and infectious substances 99 246 111 
7. Radioactive materials - 34 17 
8. Corrosive materials 3 435 1372 921 
9. Miscellaneous dangerous 2 047 401 99 


substances or articles 


Total 15 790 23 433 12 129 


Sources: 
Transport Canada and Statistics Canada (OECD, 1988) 


Table 1 shows that, overall, road transport accounts 
for 46% of the dangerous cargo tonnage shipped’. Ship- 
ments by rail and by marine carriers account for 31% and 


1. The relative importance of various modes in dangerous goods movement 
varies with the method of estimating levels of activity. For example, the 
comparison between trucking and marine shipments may produce differ- 
ent results depending on whether or not the distance travelled is associ- 
ated with the quantity of freight (i.e., tonne-kilometres vs. tonnes). Rail 
and road data are qualified in the following sections. For marine ship- 
ments, the figure shown is for international movements only; the tonnage 
of dangerous goods for domestic shipping is not available. 


Statistics Canada - Cat. No. 11-528E 27 


Transportation of Dangerous Goods 


24%, respectively. Flammable and combustible liquids 
(Class 3 substances) are the dangerous goods most com- 
monly transported, representing 63% of the total weight of 
dangerous goods shipments. In terms of the mode of trans- 
port, flammable and combustible liquids represent 85% of 
international marine, 78% of for-hire trucking and 24% of 
rail shipments of dangerous goods. 


Rail Movements 


Dangerous goods represented 9%, by weight, of all 
commodities transported by rail within Canada and across 
the Canada-U.S. border in 1989. Domestic shipments of 
dangerous goods amounted to 11 million tonnes (or 68% of 
the total weight of dangerous goods shipments) and 181 
thousand carloads (or 72% of total carloads shipped). 
Trans-border shipments contributed the remainder, at 5 
million tonnes and 69 thousand carloads. These move- 
ments are summarized, by origin and destination, in 
Table 2. 


Differences in unit weight (that is, the average weight 
per carload) across rail corridors may be attributed to a 
number of factors. High unit weights (e.g., 74 tonnes per 
car for domestic movements originating in Alberta) may in- 
dicate that the dangerous goods carried mainly consist of 
heavy, bulk materials. These would include crude petrole- 
um oil or semi-refined petroleum products. Lower unit 
weights might suggest that the commodities being trans- 
ported are more refined and less dense products. Low unit 
weights may also indicate that dangerous goods are being 


carried in mixed carloads with other, non-regulated prod- 
ucts. 


One fifth of rail movements in dangerous goods (rep- 
resenting 4 million tonnes and 49 thousand carloads) took 
place within provincial boundaries. Interprovincial ship- 
ments totalled 7 million tonnes (42%) and 195 thousand 
carloads. Alberta, Ontario and Quebec accounted for most 
of the activity. 


Six products account for 44% of the dangerous goods 
tonnage transported by rail from the U.S. Ranked highest, 
in terms of tonnage, is sodium hydroxide (81 thousand ton- 
nes, Class 8). In this group, there are also two Class 3 
commodities: cyclohexane (74 thousand tonnes) and ben- 
zene (27 thousand tonnes). Isobutylene (71 thousand ton- 
nes) and propylene (65 thousand tonnes) are both Class 2 
substances. One commodity, ethylenediamine tetra-acetic 
acid (EDTA), is classified by Transport Canada as an envi- 
ronmentally hazardous substance (Class 9.2, 44 thousand 
tonnes). 


Similarly, among rail shipments of dangerous goods 
from Canada to the U.S., five products account for half of 
the tonnage. Three of these are compressed or liquefied 
gases (Class 2): ammonia (902 thousand tonnes), isobu- 
tane (396 thousand tonnes), and propane (313 thousand 
tonnes). Asbestos (473 thousand tonnes, Class 9) and sul- 
phuric acid (468 thousand tonnes, Class 8) are also sub- 
stantial components of the activity. 


Table 2: Rail Movement of Dangerous Goods, by Origin and Destination, 1989 


Destination 
British 
Nova Scotia Manitoba Columbia 
and New and and the United 
Origin Brunswick Quebec Ontario Saskatchewan Alberta Territories States Total 
thousands of tonnes transported 
carloads 
Nova Scotia and New Brunswick ate 24 ee : : : ae S78 
4 136 1 035 2119 110 122 55 214 7791 
289 577 227 57 65 51 737 2 003 
Quebec 
5 985 8 033 5 361 1 660 2 086 1 407 10 137 31579 
227 942 1 323 209 318 254 1601 4875 
Ontario 
7 266 14 223 17 689 7313 10 396 7 785 21 653 86 325 
: 16 5 181 257 8 36 172 676 
Manitoba and Saskatchewan 
215 151 2 856 3 907 233 588 2 457 10 407 
53 255 530 292 721 2 329 2 490 6 668 
Alberta 
813 3172 6 404 4117 9775 28 926 32 094 86 111 
British Columbia and -- 5 12 7 32 577 47 679 
the Territories 2 200 4 833 147 522 7794 672 9 896 
: 2 183 342 29 121 82 62 821 
United States 
94 4 967 36 821 507 1 793 1 026 785 14 005 
— 865 1990 2670 853 1 268 3 331 5119 16 097 
ota 
18 421 31 781 39 821 17 761 24 927 47 581 68 822 249 114 


Source: 
Statistics Canada. Rail in Canada 1989. Catalogue 52-216. 
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Road Movements 


As in other industrial economies, road transport ac- 
counts for most of the dangerous cargo shipments within 
Canada (OECD, 1988). This reflects, to a great extent, the 
prominence of for-hire trucking in local freight distribution. 


Table 3 is a summary of interprovincial dangerous 
goods movement by for-hire trucking in 1989. Shipments 
between and within urban areas account for 40% (1.9 mil- 
lion) of the shipments and 23% (7.7 million tonnes) of the 
weight transported. About 244 thousand shipments are 
made within Toronto’s Census Metropolitan Area (CMA), 
the greatest number of dangerous goods movements with- 
in an urban centre. The greatest concentration of tonnage 
is transported within the Vancouver CMA, which accounts 
for 1.7 million tonnes of dangerous goods. Transborder ac- 
tivity accounted for 2% of shipments and 5% of dangerous 
goods tonnage. Compared to transborder rail movements, 
this is a considerably lower proportion of activity. 


ACCIDENTS 


Over time, the overall frequency of transportation acci- 
dents has tended simply to reflect the level of shipping ac- 
tivity. In 1991, the Transportation Safety Board reported a 
decrease in air and marine accidents compared to the pre- 
vious year (TSB, 1992). In the same time period, there was 


an increase in the number of rail accidents but the accident 
rate actually declined somewhat (TSB, June 1992). 


The pattern of transportation accidents that involve 
dangerous goods is also tied to the level of activity. Over- 
land shipments account for most of the dangerous tonnage 
transported and it follows that the road and rail modes also 
account for most of the accidents involving dangerous 
goods (Table 4). 


The likelihood of an accident may also be expressed, 
for either overland mode of transport, in terms of the total 
shipments. Among rail movements, it is estimated that one 
accident occurs for every 545 carloads, or 36 thousand 
tonnes, of dangerous goods transported. In for-hire truck- 
ing, the probability of accident is estimated at one in 21 
thousand truckloads, or 70 thousand tonnes, of dangerous 
goods transported. 


Between classes of dangerous goods, the occurrence 
of accidents is only weakly correlated with the quantities 
transported. In rail shipments, Class 3 substances account 
for 24% of the tonnage and 29% of the accidents (one acci- 
dent for every 29 thousand tonnes transported). In road 
movements, these commodities account for 78% of the 
tonnage and 43% of the accidents (one accident for every 
90 thousand tonnes transported). 


An important dimension of any accident involving dan- 
gerous goods is whether or not material release occurs as 


Table 3: Dangerous Goods Handled in For-hire Trucking, by Origin and Destination, 1989 


Destination 
Nova British 
Newfoundland Scotia and 3 Columbia 
igi and Prince New PEI SIEM and the United 
Origin : Quebec Ontario Saskatchewan Alberta hes Total 
Edward Island Brunswick Territories States 
thousands of tonnes 
thousands of truckloads 
Newfoundland and 163 25 33 223 
Prince Edward Island 18 3 1 — 22 
Nova Scotia and 50 2 400 39 14 220 2725 
New Brunswick 7 195 5 1 1 8 233 
9 107 3 308 684 12 23 7 148 4299 
Quebec 
4 32 495 335 11 14 11 11 913 
; 9 90 688 6 632 71 56 20 546 8 113 
Ontario 
11 55 316 1 735 39 34 27 41 2259 
peat cours 4 176 2 983 214 47 293 3721 
anito 
are aeneenowal 1 29 245 29 if 11 325 
14 40 949 6 810 924 264 8 998 
Alberta 
3 9 62 402 68 13 557 
British Columbia and = 7 16 26 793 3392 124 4362 
the Territories 1 8 6 45 297 9 367 
; 2 19 139 492 53 73 60 8 845 
United States 
4 21 75 9 11 9 2 131 
< 234 2 652 4195 8 054 4094 8 003 4450 1604 33 287 
otal 
52 291 845 2196 372 372 419 96 4808 
Source: 
Statistics Canada. For-hire Trucking (Commodity Origin-Destination) Survey. 
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Table 4: Transportation Accidents Involving Dangerous Goods, 1990 


Total accidents 


Class Road Rail Marine 

1. Explosives (potentially 9 4 - 
explosive material) 

2. Compressed or liquefied 63 193 - 
gases 

3. Flammable and combustible 203 1314 3 
liquids 

4. Flammable and combustible 15 10 
solids 

5, Oxidizers and organic 11 is 
peroxides 

6. Poisonous and infectious 44 14 1 
substances 

7. Radioactive materials 4 - 1 

8. Corrosive materials 99 74 2 

9. Miscellaneous dangerous 13 4 - 
substances or articles 

n.e.s 16 7 1 

Total 477 452 8 

Source: 


Transport Canada. Dangerous Goods Directorate. 


a result of the accident. With the data provided in Table 4, it 
is difficult to ascertain whether material release in acci- 
dents is related to mode of transport. Overall, 71% of all 
accidents that involve dangerous goods do result in materi- 
al release. By relating the frequency of material release to 
the number of accidents, there would appear to be many 
more accidents with material release by road transport 
(89%) than by rail (52%). However, in terms of the tonnage 
of cargo transported, rail and road shipments have about 
the same probability of material release; there is about one 
accident in which material is released for every 70 thou- 
sand tonnes of material transported. 


Simple frequencies cannot truly depict the magnitude 
of the impact that results from the accidental release of 
dangerous cargo. For example, in the summer of 1991 an 
accident provoked the derailment of twenty-five cars in St. 
Lazare, Manitoba (TSB 1992). Ten were carrying danger- 
ous cargo and four of those ruptured. A toxic cloud was re- 
leased, which contained methanol and acetic anhydride, 
and village residents were temporarily removed from the 
area. 


HAZARDOUS WASTE 


Class 9 substances, which are described as miscella- 
neous dangerous substances or articles, constitute a very 
small proportion of the total shipments and accidents in- 
volving dangerous goods. This category also includes haz- 
ardous waste such as PCBs (Table 5). Despite their 
minimal contribution to the total shipments of regulated 
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Accidents with material release 


Total Road Rail Marine Air Total 
13 2 1 - - 3 
256 44 105 - - 149 
345 194 67 3 7 271 
26 14 1 - 1 16 
26 8 4 - - 12 
62 42 9 1 2 54 
6 1 = : > 1 
176 94 39 2 1 136 
18 12 3 1 16 
24 15 5 1 21 
952 426 234 7 12 679 


substances, these commodities receive a great deal of 
public attention. Such a high profile is likely related to per- 
ceptions of the probability of accidents and spills, as well 
as the risks to health, safety and the environment that are 
believed to be associated with hazardous waste. 


Table 5: Rail and Road Movements of Class 9 


Substances, 1992 
Movements Average 
Class Rail Road distance 
thousand thousand 
tonnes cars tonnes trips km 
9.1 Miscellaneous 1053 17824 485 67076 818 
dangerous goods 
9.2 Environmentally 496 7819 44 6573 620 
hazardous 
substances 
9.3 Dangerous wastes 2 42 
9.9 Other 977 38149 
Total 2528 63834 530 73 649 800 
Source: 


Transport Canada. Dangerous Goods Directorate 


Rail shipments of hazardous waste in 1992 were esti- 
mated at about two thousand tonnes or 42 cars, represent- 
ing less than one tenth of one percent of Class 9 freight in 
this mode. Furthermore, Class 9 materials were involved in 
a very small proportion of the accidents involving danger- 
ous goods. Among accidents involving dangerous goods 
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where material was released, only 2% involved Class 9 
cargo. 


There is a great deal of discussion regarding the risks 
associated with storing, handling, and transporting hazard- 
ous waste. Some perceive that the transport of hazardous 
waste poses a greater health and safety risk than that of 
other classes of dangerous goods. Others believe that ac- 
cidents involving hazardous waste are more likely to occur 
in transportation than in storage and handling or after 
equipment failure. There is one study, for the province of 
Manitoba, where it has been shown that the risk of accident 
in transportation is no greater than in any other activity in- 
volving hazardous waste (Manitoba Environment, 1991). It 
is difficult, however, to compile complete, reliable data and, 
therefore, to arrive at firm conclusions. 


The risks associated with hazardous waste transport 
are difficult to ascertain. Among rail movements, the likeli- 
hood of an accident involving a Class 9 substance is esti- 
mated at one in 16 thousand carloads, or one in 632 
thousand tonnes. Compared to the accident rate among 
dangerous goods, in general, this probability is considera- 
bly lower. Among road movements, it is estimated that one 
accident occurs for every 6 thousand shipments, or 41 
thousand tonnes, of Class 9 substances. Based on these 
data, there is one accident for every 33 thousand tonne-kil- 
ometres of dangerous goods transported by road. It should 
be noted, however, that the estimates of shipment frequen- 
cy and tonnage for road movement are based only on for- 
hire trucking whereas statistics on accidents cover all 
trucking. Thus, the probability of accidents may be over- 
stated. 


DATA SOURCES 


By law, dangerous goods movements are monitored 
through a system of permits but, despite this requirement, 
there is no central source of data. 


Data for rail shipments are collected by the Dangerous 
Goods Directorate of Transport Canada from the Canadian 
National and Canadian Pacific Railways. Data for the peri- 
od 1987-1989 were supplied by Transport Canada to Sta- 
tistics Canada for special studies on dangerous goods 
movement, which appeared in Rail in Canada 1988 
and 1989 (Catalogue 52-216). 


The Transportation Division of Statistics Canada main- 
tains databases on for-hire trucking. With the assistance of 
Transport Canada, commodities designated as being “dan- 
gerous” under the Act are identified on this database. A 
similar exercise is being undertaken with international ship- 
ping data. In all cases, estimates of dangerous goods ship- 
ments are based on bills of lading, cargo manifests or their 
equivalent; none are based on dangerous goods permits. 
At present, no data are available for the following types of 
shipments: own-account trucking, rail movements other 
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than CN and CP, domestic shipping and permits for excep- 
tion in all modes. 


The data derived from bills of lading are coded by ei- 
ther the Standard Trade Commodity Classification or the 
Harmonized Commodity Description and Coding System. 
Neither corresponds precisely to the PIN classification and 
the estimates of movements of dangerous goods require 
adjustments. For example, in rail movements, Class 9.9 
was created for mixed cargoes of regulated and non-regu- 
lated commodities. 
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5 Land Use Change Around 
Riding Mountain National 
Park 


by Douglas Trant 


INTRODUCTION 


Riding Mountain National Park has been described as: © 


“An island of natural environment surrounded 
by a sea of man-altered environment. The tran- 
sition zone from farmlands is illustrated dramat- 
ically by the wheat fields and pastures abutting 
the natural environment.” 

(Parks Canada, 1987). 


The park is a unique area of Canadian wilderness 


_ where habitats characteristic of eastern, western and 
_ northern Canada converge in a series of forests, grass- 
lands, hills and valleys. Riding Mountain National Park's 
_ 3000 square kilometre area is home to 5 000 elk, 4 000 


moose, and over 1 000 black bears. Many other species 


_ such as wolf, beaver, cougar and osprey also inhabit this 


nature reserve. In summer months more than 30 000 peo- 
ple visit the park each weekend. 


Riding Mountain National Park is located on the Mani- 


_ toba Escarpment, and can be described as an elevated bo- 
_ real island surrounded by prairie. Because of its unusual 
_ combination of attributes it was designated as an Interna- 
_ tional Biosphere Reserve, as part of the United Nations Ed- 


ucational, Scientific and Cultural Organization's (UNESCO) 
Man-Biosphere Program. UNESCO established the Man- 


_ Biosphere Program in 1971 to ensure the preservation of 


unique natural environments in each of the world's biogeo- 


_ graphic regions. A Man-Biosphere reserve typically con- 


sists of a protected core of natural environment together 
with adjacent areas which collectively form a zone of co- 
operation. The Man-Biosphere Program recognizes that 
socio-economic activities and natural ecosystems must co- 
exist in an effort to guarantee the survival of both. Some 
266 Man Biosphere Zones have been selected globally to 


_ date. 


In recent years the transition zone from park to agricul- 
ture has become narrower, making the likelihood of conflict 
between activities more probable. Close co-existence of 
agriculture and wilderness can induce conflict, as one inter- 
feres with the other. The survival of the nature reserve de- 
pends on careful organization, planning and management. 
The role of information to support decision-making in this 
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process is important. The findings of this analysis and the 
information that supports it will be added to a larger inven- 
tory of data supporting the Biosphere Reserve Program at 
Parks Canada. 


This study will examine the changing mosaic of socio- 
economic activity that surrounds Riding Mountain National 
Park. The inter-relation between park, biosphere reserve 
and beyond is explored from both spatial and temporal per- 
spectives. Many Statistics Canada micro-databases have 
been tapped to generate a detailed profile of the area as it 
has evolved over the last twenty years. Most of these infor- 
mation bases are accessed through the National Accounts 
and Environment Division's Environmental Information 
System (EIS) which uses geo-referenced data within a ge- 
ographic information system (GIS) framework. 


This analysis is divided into three Sections. The first 
section provides background on the history of the park and 
focuses on issues that have emerged as human settle- 
ments and activities move closer to the park, placing more 
and more pressure on the nature reserve. This section will 
also describe the physical setting of Riding Mountain, by 
briefly looking at physiography, hydrology and important bi- 
otic communities. 


The second section will look at changing population 
and land use trends around the park over the last twenty 
years. A detailed statistical profile consisting of a series of 
concentric zones around the park, will be used to indicate 
composite activity changes in relation to proximity to the 
park. 


The third section examines changes in agricultural 
practices around the park. Trends in farm input levels and 
cropping practice changes will be examined over time to 
suggest potential effects on the park. 


PHYSIOGRAPHY AND HISTORICAL 
BACKGROUND OF RIDING MOUNTAIN 
NATIONAL PARK 


History 


In the early 1800's the land that comprises Riding 
Mountain National Park was exploited largely as a timber 
resource for the construction of railways and farm build- 
ings. In 1895, in response to continued pressure from 
growing settlements, the Dominion Government chose to 
set aside today's park area as a forest reserve. The pur- 
pose of this reserve was to continue to provide lumber to 
developing communities at controlled rates in an effort to 
maintain a continual long term supply of wood (Tabulenas, 
1983, p. 175). As a new forest reserve, Riding Mountain 
came under the jurisdiction of the Forestry Branch of the 
former Department of the Interior. Husbandry of the re- 
serve became the responsibility of foresters who controlled 
forest harvest rates. By the early 1900's increased de- 
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mands for lumber and uncontrolled hunting access had di- 
minished wildlife populations to dangerously low levels. In 
response to public concern, the Manitoba Government en- 
acted legislation to make Riding Mountain into a game re- 
serve (Tabulenas, 1983, p. 191). 


Despite the economic depression of the 1920's and 
early 30's, agriculture continued to expand and ultimately 
advanced to the very edge of the Riding Mountain Re- 
serve. In response to this pressure, and a new public de- 
mand for leisure and recreational space, the Riding 
Mountain Preserve became a National Park in 1930. Since 
then two very different landscapes have evolved, and Rid- 
ing mountain has become an island of wilderness within a 
sea of agricultural development (Tabulenas, 1983, p. 200). 


Physiography 


Riding Mountain National Park straddles an upland 
plateau formed by the geologic faulting of the Manitoba es- 
carpment and the subsequent deposition of glacial moraine 
landforms from the last glacial period some 12 000 years 
ago. The bedrock geology underneath the park and sur- 


Map 1: Soil Types in Southern Manitoba 


Notes: 


rounding area is largely sedimentary, consisting of highly 
erodible shale types. The soils on Riding Mountain Plateau 
have developed from shale parent materials and are large- 
ly Grey Luvisols. These soils form in cool climates under 
woodland vegetation. (See map 1) The soils surrounding 
the Riding Mountain Plateau are largely Chernozems 
which form in cool climates under grassland vegetation. 
The Chernozems are quite fertile because of their high or- 
ganic matter content and provide the soil base for a pro- 
ductive agricultural industry. 


Hydrology 


The Riding Mountain Plateau is the origin for many 
streams and rivers including the Wilson River, the Vermil- 
lion River, the Ochre River and the Turtle River. Flooding 
problems in these watersheds are not uncommon and are 
exacerbated by the build-up of shales in the stream net- 
work (Krawchuk, 1990, p. 113).The shale build-ups are pri- 
marily from erosion of alluvial fan material which has been 
disturbed by the recent clearing of land for agricultural use. 


Winnipeg us 
on 


Soil Development 


Water, Rock, 
or Ice 


Black 
Chernozemic 


Dark Gray 
Chernozemic 


Gray 
Luvisolic 


Mesisol 
Regisolic/ 

Eutric Brunisolic 
Gleysolic 


Riding Mount 
National Park 


Map 1 is from Agriculture Canada’s 1:1 000 000 Soil Landscape Series. Riding Mountain National Park is outlined in black and is surrounded by a series of radial buffers which will form the 


basis for a socio-economic data analysis in the section Population and Land Use Characteristics. 


Sources: 
Agriculture Canada, Centre for Land and Biological Resources. 
Statistics Canada, National Accounts and Environment Division. 
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Natural Vegetation and Ecological Communities 


There are three distinct ecological communities within 
the Riding Mountain Biosphere Reserve. These are: 
Mixedwood Forest, Aspen-Oak Woodland and Grassland. 
The rough fescue prairie grassland within the park is of in- 
ternational significance as there are few undisturbed exam- 
ples left in the world. (Most former fescue grasslands are 
now producing grain crops.) The hardwood forest commu- 
nity on the southern slopes of the park is also unique. This 
forest is growing 1 000 kilometres north of its traditional 
northern limit, and has survived because of the warm mi- 
cro-climate created along the south facing escarpment 
(Krawchuk, 1990, p. 124). 


POPULATION AND LAND USE 
CHARACTERISTICS 


The land use and population study area is oval in 
shape and extends 250 kilometres in an east-west direc- 
tion and 160 kilometres in a north-south direction. The 
study area represents more than 3.3 million hectares of 
park and surrounding farmland. A series of 10 km wide ra- 
dial buffer zones have been developed to which micro-geo- 
graphic data have been linked and aggregated’. Each 
radial zone around the central core represents an increas- 
ing area as the zones radiate away from the park. The 0-10 
km zone is just under 320 thousand hectares while the 60- 
70 km zone is just under 656 thousand hectares. (See 
zone areas in Table 2 and Map 1.) 


Rural populations have been declining in Manitoba 
and Saskatchewan for some years now. Manitoba's rural 


population declined by 1.9% between 1971 and 1986, 
while Saskatchewan's declined by 10.6%. The Riding 


1. See Data Limitations section. 


Table 1: Change in Population, 1971 and 1986 


Rural population 


Land Use Change Around Riding Mountain National Park 


Mountain area has experienced even sharper declines in 
population. (See Table 1 and Map 2.) 


Table 1 indicates that rural population has declined by 
more than 21.6%, between 1971 and 1986. All zones 
showed a decline in rural population, zone 0-10 showed 
the smallest decline at 6.7%, and zone 20-30 showed the 
largest decline at 31.8%. These patterns indicate a declin- 
ing farm population and an increasing trend towards living 
in urban centres. 


Urban populations in the study area are quite small 
and exist primarily in zone 10-20 where the towns of 
Minnedosa and Dauphin are located. Zone 10-20 showed 
an urban increase of slightly more than 10.3%. Urban pop- 
ulation for the study period grew by 16.4%. (See Table 1) 


Changing demographic patterns around Riding Moun- 
tain reflect changing farm economics. Farm populations 
have been declining on the prairies for some time now. 
World grain prices have in part contributed to this decline. 
For example, in 1914, a tonne of wheat was worth $468 
(1991 dollars) on the world market; in 1990, a tonne of 
wheat sold for an average of $113°. As the nature of farm- 
ing changes in an intensely competitive international mar- 
ket, more and more rural dwellers move to urban areas. 
This trend is evident around Riding Mountain, as it is else- 
where in Canada. 


Agriculture is the dominant land use activity around 
Riding Mountain National Park. Throughout the study peri- 
od (1971-1986), agriculture has consistently occupied 80% 
of land around the park and directly provides almost a 
quarter of all employment in the study area. Table 2 de- 
scribes farmland areas and changes in these areas as pro- 


2. Statistics Canada, Canada Level Price Series, Agriculture Division, Farm 
Income and Prices Section, 1992. 


Urban population Total population 


Change in Change in Change in 
population population population 
Radial zone 1971 1986 1971-1986 1971 1986 1971-1986 1971 1986 1971-1986 
number percent number percent number percent 
0-10 km zone 6 090 5 685 -6.7 0 0) 0.0 6 090 5 685 6.7 
10-20 km zone 11 920 8 650 -27.4 10 415 11 485 10.3 22 335 20 135 -9.9 
20-30 km zone 8 120 5 540 -31.8 0) 1030 8 120 6570 -19.4 
30-40 km zone 9 000 7 465 SIA 4375 4435 1.4 13 370 11 900 -11.0 
40-50 km zone 8 620 6 930 -19.6 4 450 4 280 3.8 13 073 lal2tS -14.2 
50-60 km zone 10 030 8755 12.7 0) 0) 0.0 10 030 8 755 -12.7 
60-70 km zone 12 530 8 955 -28.5 0) 1 160 12530 10 110 -19.3 
Total 66 310 51 980 -21.6 19 240 22 390 16.4 85 550 74 365 -13.1 
Notes: 
10 kilometre radial buffers were used to classify data concentrically around Riding Mountain National Park. 
Figures may not add to totals due to rounding. 
Sources: 
Statistics Canada, National Accounts and Environment Division and Census of Population. 
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Table 2: Change in Farmland Area, 1971 - 1986 


Farmland area Proportion of zone area in farmland Average farm size 
Change in 
Zone farmland area Change 
Radial zone area 1971 1986 1971 1986 1971-1986 1971 1986 1971-1986 
thousand hectares percent hectares percent 
0-10 km zone 320 246 297 76.8 92.7 20.7 191 263 38.0 
10-20 km zone 354 316 273 89.4 77.1 -13.8 216 273 26.7 
20-30 km zone 411 388 383 94.4 93.2 -1.3 257 324 26.1 
30-40 km zone 471 343 340 72.7 72.1 -0.9 238 314 32.2 
40-50 km zone 535 443 420 82.8 78.7 -5.0 292 360 23.5 
50-60 km zone 595 411 455 69.0 76.5 10.8 264 354 34.4 
60-70 km zone 656 487 467 74.3 AZ -4.2 288 374 29.8 
Total 3 341 2633 2 634 78.8 78.8 0.3 249 323 29.8 
Note: 
10 kilometre radial buffers were used to classify data concentrically around Riding Mountain National Park. 
Sources: 


Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


Map 2: Population Density, 1971 and 1986 
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Note: 

Municipalities making up the Riding Mountain Biosphere Reserve are outlined around the park. 
Source: 

Statistics Canada, National Accounts and Environment Division. 
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portions of total area for the 7 radial zones between the 
1971 and 1986 census years. (See Map 3.) 


In brief, farmland area for the entire study area has 
essentially remained constant over the 15 year study peri- 
od, showing an increase of less than 1%. However, signifi- 
cant changes have occurred when individual radial zones 
are examined. The 0-10 kilometre zone nearest the park 
shows the highest change where agricultural areas contin- 
ue to expand. Farmland has increased by 20% in this zone, 
going from 77% of zone area to over 92%, making it sec- 
ond only to zone 20-30 at 93% agriculture. This trend indi- 
cates that the boundaries separating land use activities are 
becoming narrower and the likelihood of conflict between 
uses is therefore increased. 


Idle land that used to form a cushion between activi- 
ties is no longer there and the probability of having bears in 
farmers fields has increased as has the potential for animal 
poisoning by farm pesticides. ' 


Table 3 looks at the improved farmland? trends at vary- 
ing distance from the park. Cropland trends are on the rise 


Map 3: Change in Farmland Area, 1971-1986 


Riding Mountain 


National Park 


Notes: 


in all of the radial zones. The entire study area shows a 
27.8% increase in cropland area. Since farmland areas in 
Table 2 have remained stable, and cropland areas in Table 
3 are on the rise, it is apparent that a larger proportion of 
farmland is being placed in production and that land use in- 
tensity is increasing. Map 4 shows the radial distribution of 
cropland area changes around the park. The 0-10 zone 
shows the largest change with a 41.7% increase. Summer- 
fallow areas are declining in all of the radial zones. The 
study area shows a decline of 43.8%. This is positive from 
a soil salinization perspective since the rate at which salini- 
zation occurs is dependent on soil moisture levels as they 
are affected by summerfallowing (Dumanski, 1986, p. 206). 
Summerfallowing contributes to salinization by raising soil 
moisture levels, and causing migration of stored salts. 


1. Riding Mountain National Park warden Mac Estabrooks indicated, in a 
telephone conversation, that bear and elk were entering surrounding 
fields with increasing regularity. 


2. Farmland that is considered improved can be cropland, improved pas- 
ture, summerfallow, or other improved land. 


Percent change 


-13.79 


“4 


10.8 


20.69 
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Farmland change refers to change in proportion of zone farmland. Municipalities making up the Riding Mountain Biosphere Reserve are outlined around the park. 


Sources: 


Statistics Canada, National Accounts and Environment Division and the Census of Agriculture. 
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Table 3: Change in Improved Farmland Area, 1971-1986 


Improved farmland 


Cropland Improved pasture Summerfallow Other improved land 
Change Change Change Change 
Radial zone 1971 1986 1971-1986 1971 1986 1971-1986 1971 1986 1971-1986 1971 1986 1971-1986 
thousand thousand thousand thousand 
hectares hectares percent hectares percent hectares percent 
0-10 km zone 107 151 41.5 9 15 58.3 46 34 -25.9 4 4 a2 
10-20 km zone 145 154 6.3 11 9 -15.9 58 30 -49.3 5 3 -36.8 
20-30 km zone 150 192 27.5 15 18 17.0 67 34 -48.3 6 4 -32.0 
30-40 km zone 141 184 30.2 8 9 8.2 70 35 -49.4 5 a -17.6 
40-50 km zone 159 203 PY bel ( 22 27 22.0 70 41 -41.6 6 5 -16.3 
50-60 km zone 157 211 34.6 iA 14 -15.7 73 40 -44.8 6 5 -16.4 
60-70 km zone 177 224 Ont 16 17 6.5 80 42 -47.6 6 5 -9.4 
Total 1035 1318 270 97 107 10.4 463 256 44.7 37 30 -18.9 
Note: 
10 kilometre radial buffers were used to classify data concentrically around Riding Mountain National Park. 
Sources: 


Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


Map 4: Change in Cropland Area, 1971-1986 
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Cropland change refers to change in proportion of zone in cropland. Municipalities making up the Riding Mountain Biosphere Reserve are outlined around the park. 
Sources: 


Statistics Canada, National Accounts and Environment Division and the Census of Agriculture. 
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Table 4 depicts trends in unimproved farmland. These 
areas, with the exception of unimproved pasture, are show- 
ing significant declines. Woodland which is important to 
wildlife as cover, and as a food source, shows sharp de- 
clines in all of the radial zones. The zone closest to the 
park contains the highest proportion of farm woodland, of 
its 320 000 hectares 8 887 remained in farm woodland in 
1986. (Some woodland still exists outside farmland areas 
but this amount must be less than 7.3% of the zone area, 
92.7% of zone 0-10 is farmland.) Map 5 portrays the extent 
to which farm woodland areas have been declining around 
the park. 


As human activities intensify and move closer to the 
park the likelihood of conflict increases. Agriculture-wildlife 
conflict can manifest itself in many different ways. For ex- 
ample, species such as the burrowing owl and prairie 
chicken can lose habitat to agriculture and be reduced in 
numbers or even disappear. Other birds such as the brown 
headed cowbird, thrive in a cleared cropland environment. 
These birds displace other species, such as the yellow 
warbler by reproducing in a parasitic manner, reducing the 
breeding success of other species (Environment Canada, 
1991, p. 6-6). 


Expanding agricultural land use further limits not only 
the diversity and numbers of wild animals, but that of plant 
life as well. Native plant communities are displaced and re- 
placed by crop monocultures. (See below.) Even when land 
is later withdrawn from agriculture, the original grasses and 
wild flowers tend to be supplanted by hardier opportunistic 
weed species (Environment Canada, 1991, p. 6-6). 


FARM INCOME, INPUTS AND 
AGRICULTURAL PRACTICES 


The distribution of farm income per hectare of farm- 
land around Riding Mountain appears to show a concen- 
tration of high income earners in the south on the black 
chernozemic soils, with lower incomes in the north on the 
luvisolic soils. (See Map 6 and Map 1.) Farmers in areas 
close to the park tend to have lower incomes, with the ex- 
ception of some polygons! along the northern park bound- 
ary which are on dark grey chernozemic soils. 


Agricultural practices have changed significantly on 
the Prairies over the last twenty years. As previous tables 
have indicated, fewer farmers are operating more farm 
area. In an effort to increase production and stay competi- 
tive, more farm inputs such as fertilizers, chemicals and fu- 
els are being consumed than ever before. Bigger, more 
costly equipment is being purchased to operate larger and 
larger farms. Farmers have expanded their operations and 
have begun to rely on labour saving, capital intensive tech- 
nology to operate these bigger farms. The environmental 
cost of these new technologies is substantial (Dumanski, 
1986, p. 205). 


Agricultural production in Canada has quadrupled in 
the last 60 years (Statistics Canada, 1991, p. 186). Farm- 
ing methods and cropping practices have changed. Farms 
have become highly productive and are specializing ina 
narrower range of activities than ever before. Farms are 


1. The spatial units (polygons) in Map 5 are generated from enumeration 
area centroid points. Thiessen polygons are created around each cen- 
troid using a “nearest neighbor function’. Lines between points are bi- 
sected at the mid-point to form continuous boundaries around each 
point. 


Table 4: Change in Unimproved Farmland Area, 1971-1986 


Unimproved pasture 


Change 

Radial zone 1971 1986 1971-1986 
thousand hectares percent 
0-10 km zone 42 59 39.5 
10-20 km zone 48 50 3.9 
20-30 km zone 93 104 12.0 
30-40 km zone 59 74 25.2 
40-50 km zone 98 110 11.6 
50-60 km zone 74 133 81.1 
60-70 km zone 129 136 5.2 
Total 544 667 25.5 


Note: 


Unimproved farmland 


1971 


thousand hectares 


138 


10 kilometre radial buffers were used to classify data concentrically around Riding Mountain National Park. 


Sources: 
Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


Environmental Perspectives 1993 


Woodland Other improved land 

Change Change 
1986 1971-1986 1971 1986 1971-1986 

percent thousand hectares percent 

9 45.2 63 25 -60.7 

6 60.6 83 21 -74.2 

6 -64.8 132 25 -81.4 

5 -59.0 108 29 -73.1 

8 -70.2 160 28 -82.7 

8 -72.3 132 44 -66.5 

7 -69.7 185 36 -80.7 

48 63.1 863 207 -74.2 
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Map 5: Change in Woodland Area, 1971-1986 
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Woodland change refers to change in proportion of zone farmland. Municipalities making up the Riding Mountain Biosphere Reserve are outlined around the park. 


Sources: 


Statistics Canada, National Accounts and Environment Division and the Census of Agriculture. 


taking advantage of the economies of scale that result spe- 
cialized functions. Increased production often implies mod- 
ifying the natural environment, so that growth can take 
place unimpeded by environmental factors which might 
otherwise slow it. An extreme example of this is the use of 
a green house where natural conditions are so controlled 
that almost any crop can be grown at any latitude. A less 
extreme example is the growth of a typical field crop. Envi- 
ronmental factors such as moisture level, flora diversity, 
fauna variety, soil tilth, wind strength and nutrient availabili- 
ty are all controlled by man. Implementing these types of 
controls on a large scale (millions of hectares) has inevita- 
ble consequences for the natural environment. For exam- 
ple, agricultural production can change the water table 
level and may reduce the number of animal species 
present by limiting vegetational diversity which are food 
supplies to particular wildlife species. 


The agricultural activity surrounding Riding Mountain 
is not the intense, high yielding type found in the mid-west- 
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ern United States. The range of crops that can be 
grown economically at such northerly latitudes is 
small, and consists mainly of grains and cereals, or 
close-row type crops. Table 5 summarizes how the 
majority of cultivated land is being utilized. 


Close-row crops dominate the study area. In to- 
tal they made up more than 85% of cultivated land in 
1986, a decrease from more than 90% in 1971. The 
remainder of cropland in the study area is planted in 
forage type crops such as tame hay. Crop cover 
around the park is important because it influences 
food supply for wild animals, determines soil erosion 
rates, affects soil quality, affects water quality and in- 
fluences ecological stability by limiting species diversi- 
ty. The downward trend suggested by the data, away 
from completely close-row monoculture is positive be- 
cause it indicates that crop rotation may be increasing 
and that the cropping base is becoming more diverse 
from an ecological perspective. Two crop types of 
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Map 6: Farm Revenue per Hectare of Farmland, 1986 
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Notes: 

Farm revenues refer to farm sales in 1986. Municipalities making up the Riding Mountain Biosphere Reserve are outlined around the park. 
Sources: 

Statistics Canada, National Accounts and Environment Division and the Census of Agriculture. 


Table 5: Change in Close-Row Monoculture Cropped Area, 1971 - 1986 


Close-row monoculture proportion of total 


Cultivated land area Close-row monoculture area cultivated land 
Change Change Change 
' 1971 1986 1971-1986 1971 1986 1971-1986 1971 1986 1971-1986 
Radial zone 
thousand hectares percent thousand hectares percent 
0-10 km zone 153 185 21.3 131 143 9.4 85.9 77.3 -10.0 
10-20 km zone 203 183 -9.7 180 152 -15.8 88.9 82.8 -6.8 
20-30 km zone 217 226 4.2 192 185 -3:7 88.4 81.7 -7.6 
30-40 km zone at 219 3.8 195 198 1.7 92.6 90.7 -2.1 
40-50 km zone 229 244 6.4 202 203 0.6 88.3 83.4 -5.5 
50-60 km zone 229 251 9.5 210 217 3.5 91.4 86.4 -5.5 
60-70 km zone 257 266 3.6 231 233 0.6 90.1 87.5 -2.9 
Total 1 499 1574 5.1 1342 1331 0.8 89.5 84.6 -5.6 
Note: 
Cultivated land refers to land under crops and land in summerfallow. 
Sources: 


Statistics Canada, National Accounts and Environment Division and Agriculture Division. 
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note are oilseeds and specialty crops, which have both in- plication rate also increased from 65 kilograms per hectare 
creased significantly over the study period. to 145 kilograms per hectare. (See Table 6 and Map 7.) 

The volume of agricultural fertilizers applied within 70 These rates have increased sharply, but are still well 
kilometres of Riding Mountain National Park has more than below those found in eastern Canada which can exceed 
quintupled during the study period, from roughly 20 000 2 000 kilograms per hectare. Fertilized area around the 
tonnes in 1970, to almost 150,000 tonnes in 1985. The ap- park has gone up by 235% over the study period. 


Table 6: Change in Commercial Agricultural Fertilizer Application, 1970 - 1985 


Commercial fertilizer tonnage Area fertilized Application rate 

Change Change Change 

Radial zone 1970 1985 1970-1985 1970 1985 1970-1985 1970 1985 1970-1985 

tonnes percent thousand hectares percent kg per hectare percent 

0-10 km zone 1 843 14 382 680.3 28 106 279.1 66.13 136.12 105.9 

10-20 km zone 2 950 16 533 460.4 43 19 175.3 68.52 139.47 103.5 

20-30 km zone 2 944 23 258 689.9 47 147 215.0 62.98 157.95 150.8 

30-40 km zone 2576 22 059 756.3 43 154 257.3 59.68 143.00 139.6 

40-50 km zone 2 989 22 022 636.9 46 157 237.6 64,28 140.33 118.3 

50-60 km zone 3 009 25 902 760.8 48 171 255.9 62.59 151.40 141.9 

60-70 km zone 3 635 25 076 589.8 53 179 236.6 68.47 140.33 104.9 

Total 19 947 149 233 648.2 309 1032 234.7 64.66 144.55 123.6 

Note: 

pe iste radial zones were used to classify data concentrically around Riding Mountain National Park. 


Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


Map 7: Commercial Agricultural Fertilizer Application Rates, 1970 and 1985 
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Notes: 

Fertilizer data for 1970 were estimated from expense data. These maps represent areas within 90 km radius of the park. Municipalities making up the Riding Mountain Biosphere Reserve are 
outlined around the park. 

Source: 

Statistics Canada, National Accounts and Environment Division. 
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lizer expense data. Changing commercial fertilizer tonnag- 

es do not fully account for increases in commercial 

nutrients applied. Fertilizer nutrient contents have been in- 
creasing steadily over time. The average nutrient content 
of fertilizers in 1971 was 48%. By 1986 this value had in- 
creased to 58% (Agriculture Canada, 1987). 


| 
Fertilizer tonnages for 1971 were estimated from ferti- 
| 


Agricultural pesticide applications have also increased 
substantially in the study period. Pesticide expenditures in- 
dicate that there has been a 744% increase in pesticides 
applied. These increases are large but actual application 
rates are one third of those in eastern regions of Canada. 
The use of pesticide expense data does not directly indi- 
cate changing pesticide volumes or toxicity levels. (See Ta- 
bles 7 and 8, Map 8.) 


| Table 7; Change in Agricultural Pesticide Expenditures and Application Rates, 1970 - 1985 


Agricultural pesticide expenditures 


Value of pesticide per hectare of 


Cultivated land area cultivated land 


Change Change Change 

Radial zone 1970 1985 1970-1985 1970 1985 1970-1985 1970 1985 1970-1985 
constant 1985 dollars percent thousand hectares percent dollars per hectare percent 

0-10 km zone 315 053 2 966 482 841.6 153 185 21.3 2.1 16.0 676.4 

10-20 km zone 480 591 3 350 309 597.1 203 183 -9.7 2.4 18.3 671.7 
| 20-30 km zone 422 734 4 009 348 848.4 217 226 4.2 1.9 17.7 810.0 
30-40 km zone 489 741 4 209 813 759.6 211 219 3.8 2.3 19.2 727.8 

| 40-50 km zone 522 824 3 668 696 601.7 229 244 6.4 2.3 15.1 559.5 
| 50-60 km zone 457 376 4 407 643 863.7 229 251 9.5 2.0 17.5 780.4 
| 60-70 km zone 516 911 4444918 759.9 257 266 3.6 2.0 16.7 730.2 
Total 3 205 230 27 057 210 744.2 1499 1574 5.1 2.1 17.2 703.6 


Note: 


10 kilometre radial zones were used to classify data concentrically around Riding Mountain National Park. 


Sources: 
Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


Map 8: Agricultural Pesticide Application Rates, 1970 and 1985 
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| These map represents areas within a 90 km radius of the park. Municipalities making up the Riding Mountain Biosphere Reserve are outlined around the park. 
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Table 8: Change in Areas Sprayed With Insecticides and Herbicides, 1970 - 1985 


Area sprayed for insects 


Area sprayed for weeds 


Change Change 

j 1970 1985 1970 1985 
ragiaizene 1970-1985 1970-1985 
hectares percent hectares percent 
0-10 km zone 3316 6 124 84.7 41 538 111 147 167.6 
10-20 km zone 5 234 5 043 -3.6 63 379 118 755 87.4 
20-30 km zone 6 831 9 309 36.3 64 367 145 373 125.9 
30-40 km zone 3541 10591 199.1 62 060 152 467 145.7 
40-50 km zone 4595 15 761 243.0 68 747 150 081 118.3 
50-60 km zone 3 250 15 370 373.0 69 604 164 822 136.8 
60-70 km zone 4 425 16 330 269.0 72 581 175 276 141.5 
Total 31 191 78 528 151.8 442 276 1017 921 130.2 

Note: 


10 kilometre radial zones were used to classify data concentrically around Riding Mountain National Park. 


Sources: 
Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


The increase in agricultural inputs around the park 
does not imply that the park itself is receiving increased in- 
puts. The transportation mechanisms bringing residual ag- 
ricultural inputs into the park protect the park to some 
degree. Streamflow is downslope away from the park, 
keeping water soluble pesticides and fertilizer nutrients 
from entering the park in surface water. Ground water is a 
possible route of entry, but the extent too which this source 
contributes to loadings on the park is very difficult to quan- 
tify without detailed subsurface hydrology data. More prob- 
able entry routes are via the wind, and in birds and 
animals as they forage in fields around the park. 


CONCLUSIONS 


Riding Mountain National Park has long been threat- 
ened by agricultural encroachment. The natural geograph- 
ic barrier posed by the escarpment has always protected 
the park, and despite the changes that have occurred 
around the park, wildlife continues to thrive. 


However, agricultural activities around Riding Moun- 
tain National Park are still intensifying. 


g Tilled land areas close to the park have increased by 
more than 20%. 


m Woodland areas close to the park have declined by 
more than 45%. 


m Pesticide use has increased markedly. 
Fertilizer application rates have more than doubled. 


gw Fertilized areas have more than tripled. 


The land base used by agriculture is expanding to 
take up more and more land. At the same time, cultivation 
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activities are also increasing with higher proportions of 
farmland going into production. Farm pesticide and fertiliz- 
er application rates are also increasing, placing additional 
stress on natural systems. Reductions in biodiversity 
around the park brought on by large scale agricultural de- 
velopment and mono-cropping are potentially dangeraus to 
established ecological balances within the park. Wildlife 
food supplies and subsequent population stabilities are as 
a result at higher risk. 


These facts lead to important questions that will have 
to be answered if the relationship between the park and its 
surroundings is to remain stable in the long term. For ex- 
ample, what are the effects of current agricultural practices 
and what will further agricultural development do? Indeed, 
is the current relationship sustainable? What formula can 
be used to weigh environmental costs against the benefits 
of agricultural development? What measures can be taken 
to ensure a long term, viable co-existence? These and oth- 
er related questions will have to be carefully considered by 
society in the years ahead. 


DATA LIMITATIONS 


This type of analysis has limitations that should be de- 
scribed. Micro-data for the Census Enumeration Areas 
used in this study, are stored on a single geographic co-or- 
dinate, otherwise known as a point. This information has to 
be “rolled up” or aggregated to larger areas representing 
large land surfaces. The accuracy of this point-polygon 
match is determined by the density of points per polygon 
and the spatial distribution of the data represented by the 
points. In brief, where point densities are too low results 
have to be suppressed or ground truthed using paper 
maps. (Hamilton, and Trant, 1989, p. 340) The Riding 
Mountain study has used large surface areas with high 
point densities to ensure statistical reliability. The area is 
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also more than 80% farmland, making the data distribution 
associated with the points quite homogeneous. 


Other problems can arise when micro-data are aggre- 
gated to larger zones. Averaging of values can lead to un- 
der or over emphasis of certain characteristics for 
component smaller areas. The advantage of using com- 
posite concentric zones is that aggregate trends become 
discernible in contrast to the “noise” that is generated by in- 
dividual data points. 


REFERENCES 


Agriculture Canada. Statistics on Canadian Fertilizer Con- 
sumption 1985/1986. Ottawa, 1987. 


Dumanski. et al. “Soil Conservation in Canada.” Journal of 
Soil and Water Conservation, Soil Conservation Society of 
America, July/August, 1986. 


Environment Canada, The State of Canada’s Environment. 
Ottawa, 1991. 


Hamilton, K.E, and Trant, D.F. “Statistical Aspects of the 
Application of Geographic Information Systems in Canadi- 
an Environment Statistics.” Journal of Official Statistics, 
Statistics Sweden, 5,1989. 


Krawchuk, W.A. “The Riding Mountain Biosphere Reserve: 
A Synthesis of the Natural Resource Database". Masters 
Thesis. University of Manitoba, 1990. 


Parks Canada. Riding Mountain National Park Manage- 
ment Plan. Environment Canada, Ottawa, 1987. 


Tabulenas, D.T. A Narrative Human History of Riding 
Mountain National Park and Area; Pre-history to 1980. 
Parks Canada, micro-fiche report series 102, 1983. 


Environmental Perspectives 1993 Statistics Canada - Cat. No. 11-528E 45 


The 1991 Census of Agriculture: Land Management for Soil Erosion Control 


6 The 1991 Census of 
Agriculture: Land 
Management for Soil 
Erosion Control 


by Douglas Trant! 


INTRODUCTION 


Soil erosion and land degradation in general are prob- 
lems of increasing economic and environmental concern. 
The main economic concern relating to land degradation is 
the loss of soil productivity, while the air and water pollution 
resulting from wind and water erosion are the primary envi- 
ronmental quality issues. Until recently, soil productivity de- 
clines have been masked by technological advances in the 
agricultural chemical industry, by the development of high- 
er yielding cultivars, and by a seemingly endless supply of 
land and water resources. Investigation indicates that the 
economic costs of these degradation problems exceed one 
billion dollars annually, in terms of lost production (Fox and 
Coote, 1986). The environmental costs of water and air 
pollution resulting from continued wind and water erosion 
may be even higher. Although no estimates are available 
for Canada, estimates based on an American cropland 
area four times that of Canada’s indicate that the combined 
annual environmental and economic costs of the U.S. soil 
erosion problem range from 4 to 44 billion dollars (Steiner, 
1990). The magnitude of this range demonstrates just how 
difficult it is to estimate the cost of soil erosion. 


A new land management module was added to the 
1991 Census of Agriculture to provide a first comprehen- 
sive look at soil conservation practices on farms in Cana- 
da. Farm operators were asked to respond to a series of 
questions, mostly with simple yes or no answers. Because 
the survey is new, some of the results must be interpreted 
cautiously. Nonetheless, these data provide an indication 
of how well soil erosion and land degradation are being ad- 
dressed across Canada. This chapter summarizes soil ero- 
sion control practices on a provincial basis. 


1. The author would like to thank Marcia Santiago for her contribution to the 
research which supports this chapter. Thanks should also go to scientists 
at Agriculture Canada’s Centre for Land and Biological Resources Re- 
search who provided valuable comments. 
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SOIL EROSION CONTROL PRACTICES 


Soil erosion control practices on farms in Canada are 
shown in Table 1. More than a third of farms in Canada 
(36.9%) used a forage based crop rotation system on 
some of their cropland. This type of crop rotation helps pro- 
mote soil aggregate stability and improves soil structure 
while recharging soil nitrogen when legumes such as alfal- 
fa or clover are used. The historical decline in forage based 
crop rotations has contributed to soil quality deterioration in 
Canada (Dumanski et al.,1986).Crop rotations with forage 
are more prevalent in Eastern Canada. Differences in farm 
types account for much of the regional variation. 


Table 1: Farms Reporting Erosion Control, 1991 


Number of Percent of 
Erosion control farms farms 
Crop rotation using forage 103 355 36.9 
Winter cover crop 24 289 8.7 
Grassed waterway 31 474 11.2 
Strip cropping 22 006 7.9 
Contour Cultivation 25 630 9.2 
Other practices 61 818 22.1 


Note: 

A farm may use more than one erosion control practice, or none at all. 

Sources: 

Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


Figure 1: Potential Cropland Area in Forage 
Rotations and Strip Cropping, 1991 
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Not all cropland area on reporting farms is protected by a particular erosion control 
practice. 
Sources: 


Statistics Canada, National Accounts and Environment Division and Agriculture Division. 
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Strip cropping is an erosion control method where 
crops are planted in strips, and are often laid out parallel to 
the slope contour. For example, a grain crop can be plant- 
ed along the contour, with alternating strips of hay and 
grain. The hay crop checks water run-off from the grain 
crop. Wind erosion can also be prevented using strip crop- 
ping. One crop can protect the other from high wind during 
a particularly vulnerable growth or harvest stage. Table 1 
and Figure 1 show that strip cropping is used on 7.9% of 
farms managing 14.8% of cropland in Canada. It is most 
prevalent in Western Canada. 


Winter cover crops are used on 8.7% of farms manag- 
ing 10.5% of cropland. This practice serves mainly as pro- 
tection against wind erosion in winter months. However, 
winter cover crops can also provide protection in spring 
when intense rainfall might erode unprotected soil surfaces 
(Figure 2). 


Figure 2: Number of Farms Using Winter Cover 
Crops and Grassed Waterways, 1991 
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Note: 

There are indications that the area of winter cover crops has been over reported by 
farmers responding to the Census. 

Sources: 

Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


Grassed waterways are an erosion control measure 
used to check overland flow and prevent gully erosion. Ex- 
posed soil surfaces on slopes can form gullies that may 
eventually grow in size to form ditches or ravines. Grassed 
waterways direct overland flow and protect soil surfaces. 


Nationally, 11% of farms reported using grassed wa- 
terways. Alberta farms reported using this practice more 
than in any other province. 


Another method of erosion control is to cultivate the 
soil parallel to the contour of the slope. This method traps 
soil particles between plough furrows rather than allowing 
water and soil particles to gain velocity and move down 
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slope. Across the country 9% of farms use this method and 
as much as 14% of cropland is protected by these meas- 
ures. Figure 3 shows the proportions of cropland potentially 
protected by contour cultivation. Saskatchewan and Prince 
Edward Island top the list with over 16% of their cropland 
potentially protected by contour cultivation. 


Figure 3: Cropland Potentially Protected by 
Contour Cultivation, 1991 
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Note: 

The percentages above represent a maximum and tend to overestimate area under 
contour cultivation. 

Sources: 

Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


Table 2 looks at farms by erosion control category, by 
province. Ontario farmers are more likely to use multiple 
soil erosion control practices. Seven percent of Ontario 
farmers used 4 or more erosion control practices. 


Newfoundland has the smallest proportion of farmers 
using erosion control (Figure 4). This is due primarily to the 
types of agriculture found in Newfoundland. In 1991, New- 
foundland had only slightly more than 2 000 hectares that 
were prepared for seeding. In contrast, Saskatchewan has 
single farms with seeded areas larger than 2 000 hectares. 
British Columbia and Nova Scotia have the second and 
third lowest percentages of participants in erosion control 
respectively. Both provinces have large tree fruit areas 
which contribute to their total cropland areas, and as such 
do not normally require tillage or substantial erosion con- 
trol. The province with the highest percentage is Saskat- 
chewan where almost 72% of all farmers use some form of 
erosion control. Sixty three percent of farms in Canada re- 
port employing one or more erosion control practices (Fig- 
ure 4). 
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Table 2: Number of Farms Employing Erosion Control, 1991 


Number of erosion 


control practices Nfld. PEN N.S. N.B. Que. Ont. Man. Sask. Alta. B.C. Canada 
No erosion control 485 710 2 401 1801 18 769 21 913 8 742 17 300 18 025 12 410 102 556 
1 erosion control 160 1 063 1 059 978 15 959 25 237 8 947 24 160 22 226 4 846 104 635 
2 erosion controls 44 260 317 267 1 961 10 474 4 064 9745 8 992 1 237 37 361 
3 erosion controls 29 209 126 110 892 6 255 2610 6 134 5 343 492 22 200 
4 erosion controls 6 68 44 63 268 3 065 922 2 396 1 868 147 8 847 
5 erosion controls 1 34 24 25 126 1 256 305 823 616 57 3 267 
6 erosion controls 0) 14 4 7 96 345 92 225 136 33 952 
7 erosion controls 0 3 5 1 5 88 24 57 39 3 225 
All farms 725 2 361 3 980 3 252 38 076 68 633 25 706 60 840 57 245 19 225 280 043 
Sources: 


Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


Table 3: Erosion Control Practice by Farm Type, 1991 


Crop Cover Grassed Strip Contour Other 
Farm type rotation crops waterways cropping cultivation practices 


percentage of farms 


Livestock operations 43.4 10.0 12.7 7.2 9.9 21.3 
Wide-row cropping ! 65.5 20.1 12.9 7.6 8.7 27.3 
Close-row cropping 2 41.6 11.8 11.4 3.9 12.5 28.6 
Forage cropping 57.6 8.0 11.9 3.4 6.4 19.7 
Specialty farming and other 27.3 8.7 8.0 5.8 8.3 20.6 
Notes: 


Generalized farm types are derived by aggregating farm types from the Census of Agriculture. Ideally a land-based farm typing should be used here where farms are grouped according to land 
use rather than on sales. Agriculture Canada is proposing to analyse erosion control using land based farm types in the near future. 

1 Corn, soybeans, vegetables and other crops typically grown in wide rows more than 10 cm. 

2 Wheat, oats, barley and other crops typically grown in narrow rows less than 5 cm apart. 

Sources: Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


Figure 4: Farms Using One or More Erosion Table 3 shows the association between farm type and 
Control. 1991 erosion control practice. Wide-row crops are potentially the 
9 


most erosive crop type (Wischmeier, 1978). The data indi- 
cate that wide-row croppers do in fact respond to higher 
erosion risk and are the most frequent users of erosion 
control in 4 out of 6 erosion control techniques. Close-row 
cropping, potentially the second most erosive farm type, 
employs more contour cultivation and “other” erosion con- 
trol practices most frequently. 
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SEED BED PREPARATION AND SOIL 
= EROSION CONTROL 


The 1991 Census of Agriculture asked farmers ques- 
tions about their seed bed preparation techniques. Three 
broad practices were identified: conventional tillage, con- 
servation tillage and no tillage. Conventional tillage actually 
turns soil over and buries crop residues, making the risk of 
soil erosion greater than with conservation tillage or no till- 
age. Conventional tillage methods are quite different from 
region to region. For example, equipment types vary, rea- 
Sane aunt National Accounts and Environment Division and Agriculture Division. sons for tillage yely, and the timing between tillages is of- 

ten different. In conservation tillage, as the name implies, 
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fields are cultivated fewer times with implements that do 
not turn the soil over. This conserves beneficial crop resi- 
dues on the surface. Finally, seed bed preparation may be 
done without any tillage. This is considered the most envi- 
ronmentally benign tillage method from a physical degra- 
dation standpoint! (Wischmeier, 1978). 


Most soil types suffer some degradation when tilled 
continually. Soil organic matter levels have a tendency to 
decline due to the increased oxidation caused by the turn- 
ing and mixing action of cultivation. When organic matter 
levels decline most soils begin to deteriorate structurally. If 
a soil undergoes structural degradation and loses porosity 
and permeability, rain water does not infiltrate as quickly 
and water begins to run off. If this situation occurs on vul- 
nerable soils, erosion becomes a definite risk. Another 
problem more commonly associated with conventional till- 
age is soil compaction. Compaction can lead to crop root- 
ing problems by limiting the rooting zone and can also lead 
to water puddling in fields, which prevents cultivation until 
much later in the spring. One way of combating structural 
decline is to use a forage or legume in the crop rotation. 


Seed bed preparation methods by province are shown 
in Figure 5. Conventional tillage is most prevalent in Prince 
Edward Island with more than 90% of seeded area cultivat- 
ed with this method. Conservation tillage is most common 
in Manitoba at close to 30% of area prepared for seeding. 
No-tillage is also highest in the Prairies with a value ap- 
proaching 10% in Saskatchewan. 


Table 4 describes the association between soil erosion 
control and seed bed preparation. This table provides an 
indication of the degree to which agricultural soils are being 
protected across Canada. Nationally, more than 29 million 
hectares were prepared for seeding in 1991 with conven- 
tional, conservation tillage or no tillage. Four and one half 
million hectares out of 29 million (15.3%) had no erosion 
control applied and were not tilled using a conservation 
technique. Although not all require erosion control, these 
soils are potentially under the greatest stress, and could 
benefit the most from improved tillage practice or through 
the use of some erosion controls. Conversely, this implies 
that 24.5 million hectares (84.7%) of the area prepared for 
seeding had at least one erosion control applied, or was 
cultivated using methods that do not promote soil erosion. 
This is a positive sign and indicates that Canadian farmers 
are indeed combating the erosion problem. 


1. The 1991 Census responses to the “no-tillage” question are somewhat 
overestimated because in some instances hay crops were reported as 
“no till’ when only crops requiring seed bed preparation should have 
been reported. 
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Figure 5: Seed Bed Preparation Methods, 1991 
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Note: 

No till areas indicated are higher than actual due to respondent error. 

Sources: 

Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


Table 4: Seed Bed Preparation Methods and 
Erosion Control Practices, 1991 


Total 
Number of erosion Conventional Conservation seeded 
control practices tillage tillage No tillage area 

thousand of hectares 

No erosion control 4447 1110 356 5913 
1 erosion control 8014 2592 773 11 379 
2 erosion controls 3 705 1582 407 5694 
3 erosion controls 2 302 1026 234 3562 
4 erosion controls 1 038 519 116 1673 
5 erosion controls 364 196 48 608 
6 erosion controls 95 49 12 156 
7 erosion controls 21 17 6 44 
Total seeded area 19 986 7091 1952 29 029 
Sources: 


Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


CONCLUSIONS 


The 1991 Census of Agriculture provides important 
baseline information on agricultural soil conservation prac- 
tices in Canada. Data for a single year provide only a snap- 
shot of soil conservation practices and obviously give no 
indication of whether the situation is getting better or 
worse. Nationally, the indications are generally encourag- 
ing, insofar as farm operators with 84.7% of seeded area 
use some form of soil erosion control or conservation prac- 
tice, and that farms with the most potentially erosive crops 
are the most frequent users of 4 out of 6 erosion control 
measures. 
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The real question is: are farmers winning the fight? To 
answer this question more information is needed. For ex- 
ample, where is the 4.4 million hectares of conventionally 
tilled land to which no erosion control is applied? Is it locat- 
ed on vulnerable soils? Is the area steeply sloped? Do the 
farms generate significant net revenues or are they among 
the less productive? Future research should provide insight 
into these questions as Agriculture Canada’s soil land- 
scape maps are more directly linked to the Census data 
base. This will allow detailed analysis of erosion risk as it 
relates to farm land use, farm economics and agricultural 
conservation practices. 
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7 Household Activity, 
Household Expenditures 
and the Environment 


by Marcia Santiago 


INTRODUCTION 


Many areas of daily household activity affect the natu- 
ral environment. Some, such as the consumption of fossil 
fuels for residential heating or automobile operation, have 
direct impact in terms of using natural resources and in re- 
leasing pollutants. There are also other activities that are 
relevant to environmental quality but whose impact is indi- 
rect. One example is the use of recycling facilities, as an al- 
ternative to the immediate disposal of solid waste. 


Using data from two Statistics Canada surveys, one 
on household behaviour (Household Environment Survey, 
1991) and another on household expenditures (Family Ex- 
penditure Survey, 1990, abbreviated as FAMEX), this 
chapter describes patterns of household activity and 
household expenditure that are relevant to environmental 
concerns. The reader should bear in mind that the data 
presented in this chapter describe the reported activity of 
households, which may be different from their actual activi- 
ty. In the case of environmentally relevant behaviour, this 
effect has been labelled a “green bias”. It has been shown 
that a heightened media or social profile may influence re- 
spondents to give what they expect to be ‘appropriate’ an- 
swers (Rathje 1990). The reader must also recognize that 
expenditure and activity decisions are conditioned as much 
by social and economic considerations as they are by con- 
scious response to an environmental imperative. Neverthe- 
less, expenditures and activity do provide some important 
insight into the relationship of households and the environ- 
ment. 


Three general areas are discussed: access to and 
use of recycling facilities, energy and water consumption, 
and commuting patterns. Patterns of activity and expendi- 
ture are summarized, along with their relationship to a 
number of geographic and economic factors. 


ACCESS TO AND USE OF RECYCLING 
SERVICES 


Although the public has long been concerned about 
the disposal of solid waste, this issue has become much 
more prominent in recent years. Perhaps in response to 
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this issue, there has been widespread implementation of 
recycling facilities and programs. In 1991, access to vari- 
ous recycling facilities was reported by almost half of the 
households questioned in the Household Environment Sur- 
vey. Access to paper recycling facilities was reported by 
53% of households, with 49%, 50% and 42% of house- 
holds reporting access to metal can, glass and plastic recy- 
cling facilities respectively. Among households that 
reported access to these facilities, about 86% reported that 
they used them. 


Table 1 shows the rates of access to and use of paper 
recycling facilities in fifteen Census Metropolitan Areas. 
There is quite a range in the reported access to this serv- 
ice. The highest rates of access are reported in Kitchener- 
Waterloo (94%) and Victoria (92%), while Québec (24%) 
and Montréal (37%) report the lowest proportions of house- 
holds with access. Reported use of the facilities also varies 
considerably, with the lowest rate reported in Winnipeg 
(55%) and the highest rate in Toronto (98%) 


Table 1: Access to and Use of Facilities for Paper 
Recycling by Census Metropolitan Area, 


1991 
With access Reporting use 
percent of households 

Halifax 47 E 84 E 
Québec 24 F 79 F 
Montréal S¥h \lz 7 E 
Ottawa 70 D 91 D 
Toronto 74°C 98 C 
Hamilton 81 D 94 D 
St. Catharines-Niagara 85 C 94 D 
Kitchener-Waterloo 94 E 94 D 
London 66 E 94 E 
Windsor Tf ©) 95 D 
Winnipeg 78 E sis) [E 
Edmonton 68 D 89 D 
Calgary 47 D ei le 
Vancouver 72 D 93 D 
Victoria 92 D 92 D 
Canada 53 B 86 B 


Note: 

See the standard error symbols at the end of this chapter. 
Source: 

Statistics Canada, Household Environment Survey. 


The type of service to which a household has access 
is related to the size of the municipality and to the type of 
dwelling (Table 2). This is in part because larger municipal- 
ities were the first to implement curbside collection pro- 
grams and these generally served only single detached 
dwellings. Thus, it follows that the highest access rate 
(76%) is reported by households in single detached dwell- 
ings in major metropolitan areas. The same group also re- 
ports the highest rate of use (91%). In contrast, access 
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rates for apartment dwellers are quite low (23% to 36%). 
Access might well be more difficult for apartment dwellers, 
which would partially explain their lower usage rate. 


Table 2: Access to and Use of Facilities for Paper 
Recycling by Area and Dwelling Type, 
1991 


With access Reporting use 


percent of households 


Major metropolitan areas (population of 100 000 and over) 


Single, detached 76 91 
Single, attached 66 90 
Apartment or flat 35 83 
Other 56 92 


Mid-size metropolitan areas (population between 30 000 and 99 999) 


Single, detached 64 87 
Single, attached 55 82 
Apartment or flat 36 69 
Other 52 81 


Other urban areas (population less than 30 000) 


Single, detached 52 50 
Single, attached 46 79 
Apartment or flat 36 71 
Other 43 63 
Rural areas 
Single, detached 34 76 
Single, attached 30 80 
Apartment or flat 23 72 
Other 26 65 
Canada 53 86 


Source: 
Statistics Canada, Household Environment Survey. 


ENERGY AND WATER CONSUMPTION 


It is reasonable to say that many households have 
considerable scope to reduce their consumption of water 
and energy. While concern for the environment may be a 
factor in the decision to do so, the potential to reduce utility 
bills is likely to be an important motivator as well. 


In 1990, urban households spent, on average, $1 170 
on the consumption of water, fuel and electricity, which rep- 
resents 14% of their spending on shelter, or 2.4% of their 
total spending. The average cost of water supply to primary 
residences was $118, or 10% of household spending on 
fuel and energy. 


At least partly in response to these costs, many 
households have adopted energy-saving habits. Seventy- 
one percent of households with a thermostat report either 
that it is programmable or that it is regularly lowered during 
the heating season (Table 3). 
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Table 3: Energy and Water Consumption 
Practices and Expenditures 


Percentage of households in 1991 


With a thermostat 88 
With a programmable thermostat 13 
With a regularly lowered thermostat 58 
With compact fluorescent bulbs 11 
With low-flow shower heads 28 
With low-flow toilet tanks 9 


Average household expenditure in 1990 (dollars per year) 


Electricity 644 

Heating fuel 408 

Water supply 118 
Sources: 


Statistics Canada, Household Environment Survey and Family Expenditure Survey. 


Water-conserving practices are not as widely adopted 
as those for energy. Comparatively few households have 
either low-flow shower heads (28%) or low-flow toilet tanks 
(9%). This may be because, in many cases, the cost of wa- 
ter supply is not directly related to the quantity used. 


The tenure of a dwelling influences the degree to 
which the household feels responsible for the dwelling’s 
condition and, therefore, its energy and water consump- 
tion. Households owning their place of residence have con- 
trol over changing fixtures (like the thermostats), whereas 
tenants usually depend on their landlords to make these 
types of changes. This factor may contribute to the differ- 
ences in energy- and water-use habits between house- 
holds owning their dwellings and those renting. (Table 4). A 
higher proportion of homeowners report implementing con- 
servation measures. 


Table 4: Energy and Water Consumption 
Practices by Tenure of Dwelling, 1991 


Owned Rented 
dwellings dwellings 


percent of households 


With compact fluorescent bulbs 14 6 
With thermostats 87 76 
With programmable thermostats 16 i/ 
With regularly lowered thermostat settings 56 42 
With low-flow shower heads 34 19 
With low-flow toilet tanks 12 5 
All households 64 36 


Source: 
Statistics Canada, Household Environment Survey. 


TRANSPORTATION 


Commuting to the place of work is a common feature 
of most households’ transportation activity, although the 
needs of households vary considerably. The potential envi- 
ronmental impact from this activity also varies depending 
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on the modes of transport that are chosen: walking or cy- 
cling instead of using a motor vehicle, taking public trans- 
portation rather than driving a private vehicle. 


The cost of transportation accounted for 17%, or 
$5 603, of total household expenditure (FAMEX, 1990). 
Most of this amount (88%) is for private vehicles, the rest 
being for public transport. Fuel alone accounts for 23% of 
expenditures on private vehicles. 


Households show a clear preference for private auto- 
mobile travel when commuting to and from work. Overall, 
76% of households reported at least one member who 
drives to work (Table 5). This rate does vary among metro- 
politan areas, although it is generally quite high (Table 6). 
The rate of private vehicle use ranged from 83% in Wind- 
sor and Kitchener-Waterloo, to 65% in Halifax. 


Table 5: Commuting Patterns by Area and 
Dwelling Type, 1991 


Households where at least one member 


Has 
employment Drives 
outside the private Uses public 
home vehicle transportation 
thousand percent 


Major metropolitan areas (population of 100 000 and over) 


Single, detached 2 255 77 17 
Single, attached 639 74 24 
Apartment or flat 1391 57 34 
Other 42 

Other areas 
Single, detached 1859 82 2 
Single, attached 203 Te 5 
Apartment or flat 254 67 9 
Other 115 

Canada 6 758 76 15 

Source: 


Statistics Canada, Household Environment Survey. 


In contrast, only 15% of Canadian households report 
that at least one member uses public transportation for 
travelling to and from their workplace. This rate also varies 
through metropolitan areas. It is generally higher in the 
larger and more densely populated metropolitan areas 
such as Toronto (833%) and Montréal (30%). 


INCOME AND HOUSEHOLD ACTIVITY 


Environmentally relevant expenditures and activities 
may also be associated with household income. This varia- 
ble is correlated with some of the geographic factors, such 
as urban structure, already discussed in this chapter. In- 
come is related to the level of education attained, which 
might in turn influence the overall environmental aware- 
ness and activities chosen in a household. 
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Table 6: Commuting Patterns by Census 
Metropolitan Area, 1991 


Households where at least one member 


Has Commutes by 


employment private Commutes by 
outside the vehicle as public 
home the driver transportation 
thousands percent 
Halifax 85 65 D ie LF 
Québec 174 78 D 17 
Montréal 846 68 D 30 E 
Ottawa 193 67 D 27 E 
Toronto 952 69 D ase 
Hamilton 161 80 D 11 G 
St. Catharines-Niagara 81 84 D 6 G 
Kitchener-Waterloo 87 83 D saudi 
London 91 80 E 16 F 
Windsor 64 83 D 6G 
Winnipeg 163 74D P|) = 
Calgary 207 ith |B) il? We 
Edmonton 208 80 D 16 F 
Vancouver 456 80 D 189 
Victoria 68 69 E 13 G 
Canada 6 759 76 B 15 D 
Note: 
See the standard error symbols at the end of this chapter. 
Source: 


Statistics Canada, Household Environment Survey. 


In fact, higher household incomes are associated with 
higher rates of adoption of certain environmentally useful 
practices (Table 7). With respect to energy conservation 
practices, households in the highest income group report 
the highest use of compact fluorescent bulbs (16%); the 
proportion of households with programmable or regularly 
lowered thermostats is also highest in this group (79%). 
For access to facilities for paper recycling, the rates range 
from 40% in the lowest income group to 73% in the highest 
income group. The reported rate of use varies in much the 
same way, ranging from 77% to 93%. In both cases, the 
differences are also related to factors discussed in previ- 
ous sections: tenure and type of dwelling. Higher income 
households are more likely to be owners and reside in sin- 
gle detached dwellings than households in lower income 
groups. 


In contrast to the positive correlation between income 
and the adoption of environmentally useful practices, Ta- 
bles 8 and 9 show that the use of public transport declines 
in favour of automobile use as income increases. 


Vehicle operation expenditures illustrate the differenc- 
es in consumption between higher and lower income 
households (Table 8). Among households in the highest in- 
come decile, 94% are automobile or truck owners, com- 
pared to 90% in the fifth and 68% in the third deciles of 
income. The pattern of expenditure on automotive fuel is 
similar. The average expenditure increases with household 
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income, ranging from $659 in the first income decile to 
$ 2 048 in the tenth. In addition, among the higher income 
groups, more households report expenditures on this com- 
modity. In contrast, the proportion of households that report 
expenditure on public transit is higher in the lowest two 
deciles of income than in the highest two. However, the op- 
posite is true for their average expenditure on this service 
(Table 8). The highest proportion of households with at 
least one member commuting to work by public transporta- 
tion is in the first income group (37%) but the lowest rate is 
in a middle income group, the seventh, at 21% (Table 9)'. 


Table 7: Selected Practices and Characteristics 
by Household Income Group, 1991 


Access 
to paper 
recycling 
Living in facilities 
Owning Thermostats Compact single and 
Income their programmable fluorescent detached reporting 
groups dwelling or lowered bulbs dwelling use 
percent of households 
First (lowest) 24 64 7 16 Til 
Second 23 64 6 16 86 
Third 27 63 7 22 81 
Fourth 37 70 6 28 88 
Fifth 42 70 8 30 87 
Sixth 46 72 12 35 88 
Seventh 53 73 11 39 86 
Eighth 65 70 12 50 89 
Ninth 73 76 13 62 90 
Tenth 87 79 16 74 93 
(highest) 
Canada 55 72 11 44 ‘85 
Sources: 


Statistics Canada, Household Environment Survey and Survey of Consumer Finance. 


CONCLUSIONS 


Response to recycling programs appears to be very 
positive. In areas where the facilities are available, most 
households report that they are used. Some households, 
those residing in less densely populated areas or those 
living in apartments, for instance, have lower overall rates 
of access. 


The data suggest that households are both conscious 
of their consumption of water and energy, and willing to 
take steps towards conservation. The extent to which ener- 
gy and water-efficient fixtures are used is related to income 
level (at least, in the case of energy) and the tenure of the 
dwelling. 


1. Note that in contrast to Table 8 which is in income deciles, Tables 7 and 9 
show income groups. Consequently, there is not an even number of 
households in each group, a fact that, while unimportant for this analysis, 
does make it impossible to compare the three tables in detail. 
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Table 8: Selected Transportation Expenditures, 
by Household Income Decile, 1991 


Households Average household expenditure 
that own 

Income deciles vehicles Automotive fuel Public transit 
percent percent 
percent dollars __ reporting dollars reporting 
First (lowest) 21 659 22 243 84 
Second 52 764 53 347 81 
Third 68 952 73 383 77 
Fourth 81 1 058 83 350 70 
Fifth 90 1 246 92 371 70 
Sixth 90 1415 91 339 74 
Seventh 94 1 436 94 396 76 
Eighth 96 1 852 97 383 72 
Ninth 97 1776 96 436 74 
Tenth (highest) 94 2 048 98 459 77 
“FAMEXcities | 78 1430 8 363 76 


Note: 

“Average household expenditure” is the mean expenditure among all families reporting a 
non-zero expenditure in a given category. 

Source: 

Statistics Canada, Family Expenditure Survey. 


Table 9: Commuting Patterns by Household 


Income Group, 1991 
Households where at least one member 
Has Commutes 
employment by private Commutes by 
outside the vehicle as public 
Income groups home the driver transportation 
thousands percent 

First (lowest) 150 48 37 
Second 205 50 23 
Third 277 50 33 
Fourth 411 56 29 
Fifth 435 58 28 
Sixth 504 67 24 
Seventh 1016 71 21 
Eighth 1 007 77 25 
Ninth 1131 80 24 
Tenth (highest) 1 622 81 23 
Canada 6 759 72 25 


Source: 
Statistics Canada, Household Environment Survey. 


However, Canadian households generally remain 
committed to the use of private vehicles. For travelling to 
work, commuters far prefer to drive their cars instead of us- 
ing public transportation. This preference is probably relat- 
ed to the level of service in the transit system and the 
particular circumstances of individuals. The above results 
show, nevertheless, that those considerations are more im- 
portant to the households than the possible environmental 
effects. 
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DATA SOURCES 


Refer to the publication Households and the Environ- 
ment for details on the methodology of the 1991 Household 
Environment Survey. For comparisons between income 
categories, a subset of the Household Environment Survey 
was selected corresponding to the urban areas that were 
sampled in the 1990 Family Expenditure Survey. “FAMEX 
cities” include St. John’s, Charlottetown, Summerside, Hal- 
ifax, Saint John, Québec, Montréal, Ottawa, Toronto, Thun- 
der Bay, Winnipeg, Regina, Saskatoon, Calgary, 
Edmonton, Vancouver and Victoria. 


Expenditure data are taken from the Family Expendi- 
ture Survey. These are based on a survey of households in 
Census Metropolitan Areas. 
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Alphabetic Designation of Percent Standard Error 
A 0 to.5 

6 to 1.0 

1.1 to 2.5 

2.6 to 5.0 

5.1 to 10.0 

10.1 to 16.5 

6.6 to 25.0 

25.1 + 


zraummod9d wo 


Environmental Perspectives 1993 Pe 


Household Activity, Household Expenditures and the Environment 


Statistics Canada - Cat. No. 11-528E 57 


vq 


‘a “able ttwe Trio MP4 “A 

mil. Cro trek ye N pean) sr 
€! 7 f ‘ 7 I 

¥ a hed 7 i) ove 12 me ci A : , 


eed yiloust ont net ee 
sect © yer © ae 
a e 


Ged 


Cs 
a 3 ag > 


te! wae cinerea 
fit be areas © an 


i MAD's 9: Muth Lorca 3 weet > et. =) 
“ir eat? slug 


S pe Nas s + Ws ove ie a 
es (eer vil, ne 
acne’ 


2 
» —— ee 
triet&.sct hens") ‘We ae Ia 
“* 


a9 = 


“a arr 
2 z i? 
0 
* ay of 
3@as 
My 
0 
4 
= = 
wes Mar iusto Sa @ 
roe; > ee m O) | pu weed 


24 8-8 wae aetem & 
ia So Thee que Oo wed 
+s » onl oF eegpee & Mn lipyes 

iby on ae eS. UL eA re) 
leon Gets =m en Lae | 
(Pegta™ 9 Ox: ber eee Cae | 


aie 


% 


Wr 


Pollution Abatement and Control Expenditures 


8 Pollution Abatement and 
Control Expenditures 


by Craig Gaston 


Pollution abatement and contro! expenditures (PAC) 
are of interest as a measure of the impact of environmental 
regulations on affected industries and, more broadly, as 
part of overall environmental expenditures in national in- 
come. Since both the desirable and undesirable outputs 
derive from the same process, the generation of pollution 
can be viewed as a joint product problem. In many cases, 
expenditures to reduce pollution are often not distinguisha- 
ble from those outlays made to improve overall perform- 
ance. There are, however, some expenditures which are 
solely for the purpose of pollution abatement and control. 
These are often described as “end-of-pipe” solutions. Us- 
ing this restrictive but unambiguous definition, PAC capital 
expenditures amounted to over $1 billion in 1989, or about 
1% of total capital expenditures in Canada. Table 1 shows 
that the distribution of PAC expenditure is very uneven 
across industrial sectors. 


Table 1: Relative Importance of PAC 
Expenditures, Selected Industries, 1989 


PAC/ 

PAC PAC Total total 

Industrial sector operating capital’ capital capital 

million dollars percent 

Manufacturing 469 918 18 942 4.3 

Paper & allied 76 368 5 501 6.7 

Primary metals 258 288 2341 12.3 

Petroleum & 36 71 961 7.4 
coal 

Chemicals 44 71 1 627 4.4 

Mining td 80 7373 is 

Utilities x 106 19 486 aiat 

Total economy” 729 1188 89 722 1.3 


Notes: 

' See Statistics Canada (1992) for more detail on this survey, especially Appendix F for 
an explanation of the difference between the above data and those contained in Table 2 
of Statistics Canada (1992). 

2 The total excludes capital items charged to operating expenditures and capital 
expenditures made by residential construction, agriculture, fishing and construction 
industries. 

Source: 

Statistics Canada, Investment and Capital Stock Division. 


The Pollution Abatement and Control survey, conduct- 
ed for the first time in 1989 by Statistics Canada, intention- 
ally avoided the ambiguity inherent in the use of a broader 
definition such as “environmental expenditures”. Interna- 
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tionally, there is no consistent approach. A similar survey 
conducted in the United States asks specifically for 
change-in-process expenditures as well as end-of-pipe ex- 
penditures as do France, Sweden and the Netherlands. 
Norway has abandoned PAC surveys altogether, rather 
than present partial results. 


There is no doubt that the Statistics Canada PAC sur- 
vey represents a lower bound on environmental expendi- 
tures. A survey of environmentally related expenditures 
prepared for Environment Canada by Dun and Bradstreet 
(1991), reported $20.9 billion in capital plus operating costs 
in 1989, over 12 times greater than the combined capital 
and operating expenditures figure resulting from the Statis- 
tics Canada survey. This wide difference is not surprising 
since it is possible to argue that major improvements cost- 
ing many millions of dollars are at least partially environ- 
mentally motivated, even though the decision to invest is 
dependent on a number of factors aside from environmen- 
tal protection. 


HISTORICAL PAC EXPENDITURES 


Statistics Canada has asked respondents to its regular 
annual Capital Repair and Expenditure Survey (CRES) to 
report capital expenditures by purpose, one of which is pol- 
lution abatement and control. The respondents are asked 
to assign their capital expenditures to the most relevant 
category in recognition of the fact that many expenditures 
could be assigned to more than one category. Even 
though the total for 1989 is similar to that reported in the 
PAC survey of the same year, an examination of the results 
by establishment shows important inconsistencies, a fact 
which demonstrates the need for strict definitions. Never- 
theless, CRES provides us with a unique source of infor- 
mation covering the period 1985-1990. 


Table 2: Capital Expenditure by Purpose, 
1985-1990 


Investment categories 1985 1986 1987 1988 1989 1990 


percent of total investment 
Expansion/ 974 977 97.7 976 97.1 96.8 
modernization/other 


Pollution abatement e”, e7, 6 1.1 alee 2.1 
and control 

Improvement to working 9 1.0 14 9 8 i, 
environment 

Reduction of energy costs 9 ra & 4 4 4 


Source: 
Statistics Canada, Investment and Capital Stock Division. 


Table 2 shows a marked increase in the percentage of 
investment in pollution abatement equipment from 1988 to 
1990 largely owing to the paper and allied industries and 
primary metal industries. 
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PAC EXPENDITURES BY PROVINCE 


Table 3 shows that the large relative increase in PAC 
expenditures between 1988 and 1990 is accounted for 
mainly by Ontario and British Columbia. Investment in gen- 
eral, and investment in PAC in particular, tends to be vola- 
tile, and one would expect considerable variation of these 
ratios as the aggregates observed become smaller. 


Although the 1989 PAC survey is felt to be more 
meaningful than CRES due to the stricter definitions, it is 
interesting to observe the movement of the latter over time 
(since the PAC survey itself has been conducted for only 
one year, 1991). Table 3 shows that no one province de- 
votes a consistently higher proportion of investment to pol- 
lution abatement than the others. 


PHYSICAL MEASURES OF POLLUTION 
ABATEMENT 


An important measure of effectiveness of PAC expen- 
ditures is the reduction in pollutants. The 1989 PAC survey 
attempted to obtain information on the physical quantity of 
pollutants abated but experience has shown that this is dif- 
ficult to achieve with a single questionnaire designed to 
cover all industrial sectors. Since a number of the most pol- 
luting industries are covered by environmental regulations, 
administrative data collected for this purpose are probably 
a better source of information on volumes of pollutants. 


Table 3: Provincial PAC Expenditures 


1989 PAC Survey 


Capital 

Province PAC expenditures! 
million dollars 

Newfoundland 1.3 1355 
Prince Edward Island x 237 
Nova Scotia 16.1 2 469 
New Brunswick 67.3 2010 
Quebec 255.4 19512 
Ontario 434.7 35 755 
Manitoba 12.9 2 548 
Saskatchewan x 2 820 
Alberta 182.2 11 702 
British Columbia 200.2 10 310 
Yukon - 145 
N.W.T. x 860 
Total 1 188.0 89 722 


Note: 


Figure 1: Discharges from Canadian Pulp and 
Paper Mills, 1970-1987 


wo 
ao 


BOD and TSS (thousand tonnes/day) 
Production (thousand tonnes/day) 


1970 1978 1982 1985 1987 


BOD TSS Production 
= Cc 


Source: 
Environment Canada, 1991, p. 14-19. 


As an example, the above chart shows the decline of 
pollutants from the pulp and paper industry compared with 
increasing production. Of course, the total volume of pollut- 


Capital and Repair Expenditure Survey 
PAC/total capital expenditure 


PAC / capital 1988 1989 1990 
percent percent 

a 57; 6 1.8 

x (0) 0 3.7 

7 8 U 4 

3.3 2.6 1.0 8 
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| The total excludes capital items charged to operating expenditures and capital expenditures made by residential construction, agriculture, fishing and construction industries. 


Source: 
Statistics Canada, Investment and Capital Stock Division. 
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ants abated is, in itself, an inadequate measure of environ- 
mental impact since the toxicity of the pollutant is also 
important. Recent regulations governing the production of 
dioxins and furans, for example, require that the levels of 
these chemicals be kept below the measurable concentra- 
tion which, in this case, is 50 parts per quadrillion (10'°). 


CANADIAN VERSUS UNITED STATES 
PAC EXPENDITURES 


Unlike the Canadian survey, the U.S. industrial PAC 
survey asks respondents to report the portion of change-in- 
process investment which is related to pollution abatement. 
This is a subjective judgement by respondents that limits 
comparability both within and between sectors. The U.S. 
expenditures are higher than those for Canada at least 
partly for this reason. 


_ Table 4: PAC Capital Expenditures as a 


Percentage of Total Capital 
Expenditures, Canada and U.S., 1989 


Solid 
Total Air Water waste 
oe ee ee ae 
Canada 1:3 6 5 a 
United States 3.4 1.3 1.9 2 
Source: 
OECD, 1992. 
CONCLUSION 


End-of-pipe pollution abatement and control expendi- 
tures have been increasing in absolute terms and as a per- 
centage of total investment. These costs represent a lower 


' bound on total PAC expenditures, many of which are im- 


possible to isolate due to the complexity of the investment 


_ decision making process. There are no international stand- 
ards in the definition or measurement of these costs and as 


a result, comparisons with other surveys should be made 


| with caution. 


There is an inherent ambiguity in interpreting PAC ex- 
penditures since end-of-pipe outlays are not necessarily 
the most efficient way to prevent pollution. In many instanc- 
es, a change in production process leads to a more effi- 
cient use of energy and raw materials and reduces the 
need to install expensive and “non-productive” capital for 
the purpose of pollution abatement. Since the joint product 
nature of the problem precludes knowledge of the total 


| costs associated with pollution control, it is useful to know 


the actual reductions in specific pollutants as well as ex- 
penditures on pollution abatement and control. 
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9 Packaging Use and 
Disposition 


by Marcia Santiago 


INTRODUCTION 


Packaging material is used to protect, to contain, or to 
transport commodities. It is also used to market products 
and to communicate information about products. Most im- 
portantly, packaging may protect commodities from dam- 
age or spoilage. However, packaging is also associated 
with a number of environmental concerns, the most promi- 
nent of which is the disposal of solid waste. 


In 1989, Canadian environment ministers gave formal 
recognition to the need for packaging policy in managing 
solid waste. The National Packaging Protocol, which re- 
sulted from this recognition, recommended six manage- 
ment policies: 


Figure 1: Packaging Flows 


Empty In Use 
Exports Exports 
0.68 0.89 
Production 


Packaging Use and Disposition 


m packaging shall have minimal effects on the environ- 
ment; 


g priority will be given to the management of packaging 
through source reduction, reuse and recycling; 


@ acontinuing campaign of information and education will 
be undertaken to make all Canadians aware of the 
function and environmental impacts of packaging; 


m these policies will apply to all packaging used in Cana- 
da, including imports; 

w regulations will be implemented as necessary to 
achieve compliance with these policies; and 


g all government policies and practices affecting packag- 
ing will be consistent with these national policies. 


Ultimately, the protocol seeks to reduce the quantity of 
packaging material that is sent to landfills. Over the next 
few years, diversion targets should be met and, by the year 
2000, it is expected that packaging sent for disposal shall 
not exceed 50% of the 1988 level of 5.3 million tonnes 
(National Task Force on Packaging, 1992a). 


Using results from the 1990 National Packaging Sur- 
vey (ibid.), this chapter presents a profile of industrial pack- 
aging disposition and use. It describes the materials and 
the users of industrial packaging, with particular attention 
paid to the use, reuse, recycling and disposal of packaging. 


Consumption 


eater Seater 


Recycling 1.7 
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PACKAGING FLOWS 


Businesses typically handle packaging in conjunction 
with products they ship and with products they receive. 
Firms are described here as “using” packaging when it is 
filled with the product to be shipped whereas both busi- 
nesses and households are said to have “consumed” pack- 
aging when it is removed from the product purchased. The 
use of packaging is equal to its consumption, except for the 
quantities attached to imported or exported goods. Since 
the survey included the waste management industry, esti- 
mates are available for the amount of household packaging 
waste that was recycled in 1990. It is therefore possible to 
calculate the total disposal for Canada as the difference 
between consumption and the sum of reused and recycled 
packaging (see Figure 1). 


PACKAGING MATERIALS 


The consumption of packaging materials amounted to 
13.5 million tonnes during 1990 (see Table 1). Wood was 
the leading material employed, accounting for 39% of the 
total quantity consumed. Most wood packaging was in pal- 
lets, accounting for 4.9 million of the 5.3 million tonnes of 
wood packaging consumed. Consumption of paper pack- 
aging, including cardboard (paperboard) amounted to over 
3 million tonnes (23% of the total), with the largest portion 
consisting of corrugated cartons, boxes and cases. Most 
goods sold, from food products to electronic equipment, 
have at least some amount of cardboard or paper packag- 
ing attached. Glass and plastic materials made up 16% 
and 10% of the total packaging consumed in 1990. 


Eighty-five percent! of wood packaging was estimated 
to be reused or recycled. Pallets, the largest component of 


1. The percentages in this paragraph reflect the proportions shown in 
Figure 2. 


wood packaging, can be used over and over with only oc- 
casional minor repairs, so the low disposal of wood is not 
surprising. Glass also has a high rate of reuse and recy- 
cling (69%). For paper and plastic which represent the sec- 
ond and fourth largest volumes of packaging material, the 
rate of reuse and recycling is lower. Seventy-nine percent 
of plastic was disposed while 48% of paper was sent to 
landfills or incinerated. Paper was the largest material by 
weight to be disposed of. As a percentage of total packag- 
ing consumed in 1990, 33% (4.5 millions tonnes) was dis- 
carded. 


Figure 2: Disposition of Packaging, 1990 


S 


thousand tonnes 
BS wo 
s 3 
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Sources: 
Statistics Canada, National Packaging Survey and National Task Force on Packaging. 


Table 1: Consumption and Disposition by Packaging Type, 1990 


Material Types Total consumed Total reused Total recycled Total disposed 
thousand thousand thousand thousand 
tonnes percent tonnes percent tonnes percent tonnes percent 

Wood pallets, boxes, crates 5 327 39.4 4187 57.1 335 20.1 805 17.8 

Paper corrugated cartons, boxes, 3 149 23.3 899 12.3 723 43.4 1 527 33.7 
labels 

Glass carboys, bottles, containers 2185 16.2 1 373 18.7 136 8.1 676 14.9 

Plastic containers, foam egg trays, 1 358 10.0 190 2.6 95 5.7 4073 23.7 
wrap, liners 

Metal aluminum cans, caps, steel 888 6.6 362 4.9 162 9.7 364 8.0 
strapping 

Multi-material milk and juice cartons 193 1.4 7 36 2.2 150 3.3 

Textiles and ; ; 426 3.1 318 4.4 180 10.8 

Seen inaterae jute sacks, bags, wrapping 
Total 13 526 100.0 7 336 100.0 1 667 100.0 4595 100.0 
Sources: 


Statistics Canada, National Packaging Survey and National Task Force on Packaging. 
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PACKAGING USE BY INDUSTRY 


The manufacturing sector was the largest user of 
packaging, accounting for well over 10 million tonnes of the 
total 13.3 million tonnes used (See Table 2). Manufacturing 
industries, excluding food, beverage, and tobacco, were 
least heavily involved in reuse of packaging. Use of pack- 


_ aging material was relatively evenly spaced across the oth- 


er industry groups, except agriculture, for which use was 


_ estimated at 376 thousand tonnes. The estimated packag- 


ing use by the wholesale and retail trade industries is not 
surprising, given their activity of packaging goods and sell- 


_ ing them to consumers. Of the important industries in terms 


of packaging use, the largest percentage of packaging re- 
use was in the beverage manufacturing industry. This is 
consistent with the large proportion of glass packaging, 
which is most commonly used in distributing beverages to 


_ consumers. 


It is important to note that wooden pallets account for 
over one-third of all packaging used, by weight, and that 
there is an economic incentive to reuse these rather than to 
recycle or discard them. The high reuse of packaging as a 


percent of use is partly due to this fact. (See Table 2.) 


_ Table 2: Industrial Use and Reuse of Packaging, 


ij 


1990 
Used 
Industry (includes reused) Reused 
thousand thousand percent of 
tonnes percent tonnes used 
Agriculture 376 2.8 200 BS 
Manufacturing (excl. 4 287 32.3 1630 38 
food and beverages) 
Food manufacturing 3 556 26.8 1444 41 
Beverage manufacturing 2 423 18.3 2076 86 
Wholesale and retail 2477 18.7 1 853 75 
trade 
Other industries 138 1.0 129 93 
Total 13 257 100.0 7 332 55 
Sources: 


_ Statistics Canada, National Packaging Survey and National Task Force on Packaging. 


PROVINCIAL CONSUMPTION AND 
REUSE 


The provincial pattern of recycling rates (as a percent- 
age of consumption) is similar to that observed in the Local 
Government Waste Management Practices Survey (see 
Chapter 11, Table 3). In both cases, Ontario had the high- 
est rate of recycling followed by British Columbia. 
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Table 3: Provincial Consumption and Recycling 
of Packaging, 1990 


Province Total consumed Recycled 
thousand thousand percent of 
tonnes percent tonnes consumed 
Newfoundland 166 1.2 
Prince Edward Island 47 0.3 4 9 
Nova Scotia 338 2.5 24 7 
New Brunswick 295 2.2 13 4 
Quebec 3516 26.0 325 9 
Ontario 5 820 43.0 1 065 18 
Manitoba 514 3.8 31 6 
Saskatchewan 328 2.4 es 5 
Alberta 1 130 8.4 41 4 
British Columbia 1356 10.0 144 11 
Yukon 5 0.0 0) 
North West Territories 11 0.1 0 
Canada 13 527 100.0 1 664 12 


Sources: 
Statistics Canada, National Packaging Survey and National Task Force on Packaging. 


DATA SOURCES AND METHODOLOGY 


In 1991, Statistics Canada conducted the National 
Packaging Survey. A large representative sample of estab- 
lishments in all major industry groups was selected. Thirty- 
two packaging categories were defined in the survey, 
spanning seven broad groups of materials: plastic, wood, 
textiles, glass, metal and multi-material packaging. Re- 
spondents were asked to report quantities (in tonnes) of 
packaging that was used during the 1990 calendar year. 
They were also asked to report the proportions of new and 
reused content in the materials. Finally, survey respond- 
ents were asked to report the quantities of packaging that 
were reused, recycled and sent for disposal. 


Estimates of use, reuse, and recycling of packaging 
materials presented in this chapter were based upon the 
responses to the National Packaging Survey described in 
National Task Force on Packaging (1992b). Certain data 
collected by the survey were not deemed reliable. For in- 
stance, businesses were not generally capable of provid- 
ing a good estimate of the amount of packaging discarded. 
Disposal was, therefore, calculated residually. Packaging 
attached to imports and exports of goods was based on 
data from the International Trade Division. The exports and 
imports of in-use packaging were pro-rated in proportion to 
the packaging used. Imports and exports of new packaging 
(not attached to goods) came from the International Trade 
Division of Statistics Canada. These data were available 
by commodity group and were allocated to industries and 
provinces on a proportional basis. 


Provincial consumption of packaging was not meas- 
ured directly since inter-provincial trade of in-use packag- 
ing was not known. Packaging was assigned to two 
categories, industrial and consumer. Total Industrial pack- 
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aging was allocated to provinces according to provincial 
sales for each industry group, whereas consumer packag- 
ing was distributed according to provincial population. Pro- 
vincial recycling rates for each packaging type and 
industrial sector were based upon survey data. 


For further analysis of these data and for comparisons 
with the 1988 benchmark levels, see National Task Force 
on Packaging (1992b). For information on the establish- 
ment of the 1988 benchmark see National Task Force on 
Packaging (1992a). 
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~ 10 Waste Management 


Industry Survey 


by Craig Gaston 


The waste management industry, which is not officially 
defined in the 1980 Standard Industrial Classification, 
includes all establishments that are primarily engaged in 
the collecting, hauling, recycling or disposing of waste 


material’. This industry is comprised of private companies | 


as well as local government departments. Until recently, 


_ the waste management industry has not been surveyed by 
_ Statistics Canada. Therefore, two recent surveys covering 


_ the private and public components provide important, new 
| information on the industry’s structure in Canada. Chapter 


11 provides preliminary information from the 1990 Local 
Government Waste Management Practices Survey and 
this chapter presents the 1989 Waste Management 
Industry Survey results. 


The 1989 survey gathered information on 643 


_ companies representing some 759 establishments. These 


establishments accounted for over $1.1 billion in revenues 
and employed almost 10 000 people. Table 1 shows that 


almost 72% of industry revenues were earned from 


_ Table 1: Revenues by Type of Service and Province, 1989 


1. These establishments are, for the most part, included in the Other Utili- 
ties Industry (SIC 4999). 


collection and haulage of waste, while about 21% came 
from disposal. In principal, disposal revenues are earned by 
operators of waste disposal facilities such as landfills, 
incinerators, etc. There is evidence, however, that some 
respondents indicated disposal revenues even though they 
provided only collection and transportation services. 


Relatively high disposal revenue shares can be 
expected in provinces which are characterized by densely 
populated urban areas where space suitable for new 
landfills is scarce. This pattern is detectable in Table 1 
notwithstanding the exception of Newfoundland. Local 
government involvement in waste disposal also effects 
disposal revenues. A _ relatively high proportion of 
contractors are responsible for waste disposal in both 
Quebec and British Columbia according to the Local 
Government Waste Management Practices Survey’. 
Recycling services and sales of recycled goods accounted 
for less than 2% of industry income nationally. Even in 
Ontario, where recycling programs are best established’, 
the share of total revenues from this activity was only 2.6%. 


In Table 2 the category “Other expenses” contains such 
costs as depreciation, taxes and professional and 
contracted services. 


Firm size appears to be a significant factor in the 
pattern of relative costs (see Table 3). Salary and wage 
costs as a percentage of total revenue increase with 
declining revenue size whereas tipping expenses show the 
opposite tendency. Fuel costs show a similar pattern to 


2. See Chapter 11, Table 2. 
3. See Chapter 11, Table 3. 


Sales of 
Total Collection recycled Sales of Other 
Province Establishments revenue and haulage Disposal Recycling goods energy sales 
millions of 
number dollars percent of provincial revenue 

Newfoundland 28 9 45.8 46.8 1.4 1 5.8 
Prince Edward Island 5 x x x x x x x 
Nova Scotia 45 13.2 81.5 13.3 1.7 S 4 2.8 
New Brunswick 24 4.8 80.7 17.6 5 Mf 14 
Quebec 207 339.6 70.0 22.6 3 Al 7.0 
Ontario 222 517.7 70.5 21.3 2.6 8 5 4.7 
Manitoba 19 14.4 84.7 13.5 8 4 6 3 
Saskatchewan 23 4.6 80.5 12.7 1.9 A 4.8 
Alberta 63 91.0 ivaal 17.5 2.2 4 2 2.9 
British Columbia 112 127.8 76.1 19.6 1.0 a 1 3.0 
Yukon and N.W.T. 11 x x x x x x x 
Canada 759 1 119.1 71.9 20.9 1.6 4 1 5.0 

Sources: 

Statistics Canada, Industry Division and National Accounts and Environment Division. 
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Table 2: Distribution of Expenses by Province, 1989 


Total Tipping Fuel and Other Salaries Other 

Province Establishments expenses fees electricity materials and wages expenses 
millions of 
number dollars percent of total expenses 

Newfoundland 28 0.8 2.2 12.9 10.9 46.6 27.5 
Prince Edward Island 5 x x x x x x 
Nova Scotia 45 11.5 18.0 6.5 16.1 27.8 31.5 
New Brunswick 24 4.3 6.2 7.2 37.8 30.6 18.2 
Quebec 207 284.2 19.5 Bis 22.6 29.3 23.4 
Ontario 222 448.8 30.1 4.2 14.6 24.5 26.6 
Manitoba 19 12.1 25.3 6.5 6.9 22.4 39.2 
Saskatchewan 23 4.1 13.5 9.8 10.8 36.3 29.6 
Alberta 63 73.4 17.3 5.0 8.8 28.7 40.1 
British Columbia 112 107.8 26.1 4.4 14.0 25.4 30.2 
Yukon and N.W.T. 11 x x x x x x 
Canada 759 952.0 24.9 4.7 16.5 26.6 27.3 


Sources: 
Statistics Canada, Industry Division and National Accounts and Environment Division. 


Table 3: Distribution of Expenses by Company Size, 1989 


Total Tipping Fuel and Other Salaries Other 
Revenue class Companies expenses fees electricity materials and wages expenses 
millions of 
number dollars percent of total expenses 
Greater than $5 million 27 665.2 26.5 3.5 ee 24.0 28.9 
$1 - $4.9 million 100 185.1 26.4 6.2 16.4 30.2 20.7 
$.5 - $.9 million 100 59.2 15.0 9.4 11.5 34.5 29.5 
Less than $.5 million 416 42.6 8.5 10.6 12.2 40.1 28.6 
All companies 643 952.0 24.9 4.7 16.5 26.6 27.3 


Sources: 
Statistics Canada, Industry Division and National Accounts and Environment Division. 


salaries and wages. The fact that larger firms are more likely 
to operate in densely populated urban areas could partly 
explain the correlation of tipping expense ratios to size. 


Table 4: Employment and Salaries by Company 
Size, 1989 


Salaries Salaries 


: and wages and 
Salaries 
Revenue class of aridiweaaes per wages/ 
company Employees g employee revenue 
millions thousands 
number of dollars of dollars percent 
Greater than $5 million 6 084 159.6 26.2 20.1 
$1 - $4.9 million 1 868 55.9 29.9 26.7 
$.5 - $.9 million 897 20.4 22.8 30.5 
Less than $.5 million 947 ‘lait 18.0 34.6 
All companies 9 796 253.1 25.8 22.6 
Sources: 


Statistics Canada, Industry Division and National Accounts and Environment Division. 
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Table 4 shows that about 60% of industry employment 
is in companies with revenues greater than $5 million. These 
companies account for over 70% of the total industry 
revenues. Although a larger proportion of revenues is paid 
to employees as the firm size diminishes, employees in the 
smaller firms earn a lower average salary. 


This brief profile of the private sector waste 
management industry is limited by a lack of time series 
information. The growth of the industry over time and the 
changing composition of revenues and expenses is a 
subject of increasing interest as waste management 
continues to be a focus of public attention. For more 
information on the 1989 Waste Management Industry 
Survey see Statistics Canada (1992). 
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11 Local Government 
Waste Management 
Practices Survey 


by Craig Gaston and Alan Goodall’ 


INTRODUCTION 


This chapter provides a preliminary report of some re- 
sults from the national Local Government Waste Manage- 
ment Practices Survey. This survey sampled municipalities 
of all types and some special purpose boards known to be 
heavily involved in waste management. While question- 
naires were mailed to a total of 1000 local government enti- 
ties, data presented here reflect only 83 lower-tier 
municipalities* that had a population of greater than 50 000 
in 1991. These 83 entities accounted for about half of the 
Canadian population. 


The survey, the first of its kind for Statistics Canada, 
contained a number of questions designed to profile the 
practices of local governments with respect to the collec- 
tion, transportation and disposal of garbage, as well as re- 
cycling and the handling of hazardous waste. As a pilot 
study, it was intended to obtain an overview of the structure 
and function of Canadian local government activities per- 
taining to waste management. Toward this end, the sur- 
veyed sample included every type of local government 
believed to have some responsibility for waste manage- 
ment. Questions were asked to determine whether the var- 
ious functions were performed by the municipality surveyed, 
by contractors, or by another level of government. Informa- 
tion was also sought on a number of other items, including 
costs associated with waste management. A comprehen- 
sive examination of financial and other data is to be re- 
leased in the final full survey report. 


RESULTS 


Based upon the total annual quantities reported, the 
83 municipalities collected, on average, slightly over 
0.9 tonnes of residential garbage? per dwelling served or 
about 2.5 kilograms per day (see Figure 1). Seventy-three 
of these municipalities reported having a recycling pro- 
gram, through which approximately 9% (by weight) of the 


1. The authors would like to thank Don Kerr for his painstaking work in as- 
suring the quality of the data. 


2. See the section titled: “Local Government: Upper and Lower Tiers”. 


3. On the questionnaire, garbage is defined as non-hazardous waste ex- 
cluding materials diverted to a recycling program. 
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total waste* stream was recycled. (This excludes private 
contracts by apartment building operators.) 


Fifty-six of the municipalities had some form of resi- 
dential hazardous waste program while only 10 had a pro- 
gram for non-residential hazardous wastes. 


Thirty-six of the municipalities reported having ar- 
ranged for waste composition studies, an important step to- 
wards effective waste management. In addition, 53 of the 
municipalities had some form of waste reduction program 
(public education, for example, but not recycling). 


Figure 1: Garbage Collected per Dwelling, 1990 


Municipalities with Population of 50 000 or Greater 
35 


nN 
De) a 


kg/day/dwelling 


0.5 


Canada Atlantic Quebec Ontario Prairies B.C. 


Sources: 
Statistics Canada, Public Institutions Division and National Accounts and Environment 
Division. 


Collection 


Waste collection is primarily a function of lower-tier 
governments, frequently involving both contractors and mu- 
nicipal employees. Eighteen municipalities (22%) reported 
using only their own employees for this purpose and 40 
(48%) reported hiring only contractors (see Table 1). Ona 
regional basis, only 5% of Quebec respondents had their 
own employees performing this function while 84% of them 
used only contractors. Municipalities within census metro- 
politan areas (CMAs) or census agglomerations (CAs) with 
populations of less than 500 000 tended to use their own 
employees while those in CMAs or CAs greater than 
500 000 relied more on contractors. 


4. Waste is defined as any substance discarded for final disposal or recy- 
cling for which the owner or generator has no further use. 
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Table 1: Garbage Collection by Agent Responsible, Municipality Size and Region, 1990 


Population of CA/CMA to which 


municipality belongs Region 
50000- 500000- 1000000 Atlantic Prairie 
499 999 999 999 and over Canada Provinces Quebec Ontario Provinces B.C. 
Number of municipalities reporting 37 14 32 83 5 19 37 1 15 
Agent responsible for collection percent of municipalities reporting 
Municipal employees only 32 14 13 22 40 5 27 14 27 
Contractors only 30 64 63 48 40 84 41 14 40 
Municipal employees and other S 0 3 a 0 0 0 29 7 
Municipal employees, other levels of 3 0 0 1 0 0 3 0 0 
government and other 
Municipal employees and contractors 24 a1 22 23 20 "1 27 43 20 
Municipal employees, contractors and other ~ 0 0 2 0 0 3 0 7 
Total 100 100 100 100 100 100 100 100 100 
Sources: 


Statistics Canada, Public Institutions Division and National Accounts and Environment Division. 


Table 2: Garbage Disposal by Agent Responsible, Municipality Size and Region, 1990 


Population of CA/CMA to which 


municipality belongs Region 
50 000 - 500 000- 1000000 Atlantic Prairie 
499 999 999 999 andover Canada _ Provinces Quebec Ontario Provinces B.C. 
Number of municipalities reporting 37 14 32 83 5 19 37 7 15 
Agent responsible for disposal percent of municipalities reporting 
Municipal employees only 35 21 6 22 60 11 16 71 13 
Contractors only 24 0 44 28 0 58 14 29 33 
Other levels of government only 30 4 44 a1 mh 32 57 0 33 
Contractors and other levels of government 3 s 3 4 8 0 5 “ ss 
Municipal employees and other 3 0 0 1 0 0 3 0 0 
Municipal employees and other levels of 3 7 0 2 0 0 3 0 f 
government 
Municipal employees and contractors 3 0 3 2 0 0 3 0 7 
Total 100 100 100 100 100 100 100 100 100 
Sources: 


Statistics Canada, Public Institutions Division and National Accounts and Environment Division. 


Disposal 


Upper-tier governments play a much more important 
role in waste disposal than they do in collection. Thirty-three 
of the municipalities (41%) indicated that this function was 
handled solely by other levels of government (see Table 2). 
Contractors were exclusively involved in waste disposal for 
23 (28%) of the municipalities while 18 (22%) used only 
their own employees. Again, population size is a factor as 
the municipalities within a CMA or CA having a population 
of under 500 000 tended to rely more on their own employ- 
ees, whereas those within CMAs or CAs with a population 
greater than 500 000 contracted the function or relied more 
heavily on the upper tier. Regionally, Quebec municipalities 
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tended to rely more on contractors for disposal while dis- 
posal programs were run most frequently by upper-tier local 
governments in Ontario. 


Recycling Programs 


Seventy-three municipalities (88%) reported having an 
organized recycling program (of which 54 provided details) 
(see Table 3). In all size groups and regions, the percent- 
age of respondents with recycling programs was quite high, 
ranging from a low of 74% in Quebec to 100% in the Prai- 
ries. Both collection and preparation for sale of recyclable’ 
materials are most often handled by contractors (see Tables 
4 and 5). Municipal employees play a much smaller role in 
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Table 3: Recycling Programs and Percent of Waste Recycled by Municipality Size and Region, 1990 


Population of CA/CMA to which 


municipality belongs Region 

50000- 500000- 1000000 Atlantic Prairie 

499 999 999 999 and over Canada Provinces Quebec Ontario Provinces B.C. 
Number of municipalities reporting 37 14 32 83 5 19 37 uf 15 

percent 
Municipalities with recycling program 86 93 88 88 80 74 97 100 80 
Waste recycled as a proportion of total waste collected 9 7 10 9 = s aS 2 a6 
Sources: 


Statistics Canada, Public Institutions Division and National Accounts and Environment Division. 


Table 4: Collection of Recyclable Materials by Agent Responsible, Municipality Size and Region, 1990 
Population of CA/CMA to which 
municipality belongs Region 


50000- 500000- 1000000 Atlantic Prairie 
499 999 999 999 andover Canada Provinces Quebec Ontario Provinces B.C. 


Number of municipalities reporting 37 14 32 83 5 19 37 7 15 


Agent responsible for collecting recyclable motets % : 
percent of municipalities reporting 


materials 
Municipalities’ employees only 11 14 22 16 20 5 22 14 13 
Contractors only 46 36 56 48 40 58 57, 14 33 
Other levels of government only 8 21 6 10 0 S 14 0 13 
Other only 14 7 0 / 20 5 0 29 13 
Contractors and other 8 0 0 4 0 3 3 14 7 
Municipal employees and contractors 0 7 3 = . 2 $ 14 0 
Municipal employees, contractors and other p 4 2 a e S p 3 e 
Municipal employees, contractors and other levels of 3 0 Q : p - 2 9 2 
government 
No program 1 7 13 11 20 26 0 0 20 
Total 100 100 100 100 100 100 100 100 100 
_ Sources: 
| Statistics Canada, Public Institutions Division and National Accounts and Environment Division. 
these functions compared to general waste management. nating recycling programs for multiple unit dwellings may 
_ Other organizations (primarily volunteer organizations and be more complex. The fourth column in Table 6 shows the 
private enterprises) also play an important part in recycling percentage of local governments offering a depot recycling 
operations. Upper-tier local governments tend to be more program. It should be noted that the existence of a program 
_ involved in the handling and preparation for sale of recycled for compostable materials does not mean all possible ma- 
_ materials than in their collection. terials in this category are collected. In some cases munic- 


ipalities have reported collecting only Christmas trees. 
Table 6 shows the percentage of municipalities offering 

a recycling program for each of the nine materials listed by Hazardous Waste Programs 
type of collection service offered. Percentages are based 
upon information from the 54 respondents reporting the de- 
tail of their programs. All of the municipalities reported 
newsprint recycling for low density dwellings. As one might 
expect, the frequency of such programs decreases as the 
density of dwelling increases since the logistics of coordi- 


Fifty-six (67%) of the municipalities reported they had 
a residential hazardous waste program. Ontario had the 
highest regional representation, with 95% of municipalities 
reporting some type of program (see Table 7). Note that for 
this survey, once-per-year household hazardous waste 
drop-off programs qualified as valid responses. 


1. Material which, technically, can be reused as a raw material in the manu- 
facture of a new product. 
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Table 5: Sorting and Preparing of Recyclable Materials for Sale by Agent Responsible, Municipality Size 


and Region, 1990 
Population of CA/CMA to which 
municipality belongs Region 
50000- 500000- 1000000 Atlantic Prairie BC 
499999 999999 andover Canada Provinces Quebec Ontario Provinces al 
Number of municipalities reported 37 14 32 83 5 19 37 7 13 
Agent responsible for sorting/preparing recyclable 
materials percent of municipalities reporting 
Municipal employees only 5 7 0) 4 20 0 3 14 0) 
Contractors only 41 50 47 45 40 58 43 43 33 
Other levels of government only ie ai 22 20 0 "1 35 0 13 
Other only 16 14 3 1 20 5 8} 43 20 
Contractors and other 5 2 0 2 0 0 3 0 7 
Contractors and other levels of government 3 6 0 U 0 0 3 0 0 
Other levels of government and other 0 0 3 1 0 0 3 0 0 
Municipal employees and other levels of government 0 0 3 1 0 0 3 0 0 
No program 11 7 22 14 20 26 5 f°) 27 
Total 100 100 100 100 100 100 100 100 100 
Sources: 
Statistics Canada, Public Institutions Division and National Accounts and Environment Division. 
Backyard Composting Disposal Facilities 


Thirty-two municipalities (39%) indicated that a back- 
yard composting program existed within their boundaries. 
Of these, 28 provided data on the number of composters 
distributed. As reported, over 83 000 composters had been 
distributed. Thirty percent were supplied by the municipali- 
ty, 17% by contractors, 42% by other levels of government, 
with the remainder supplied by other organizations. 


Table 6: Recycling Collection Programs and 


Depots, 1990 
Recycling collection program 
Low Medium High 

density density density 

Recyclable Material dwellings dwellings dwellings Depots 
percent 

Newspaper 100 61 37 54 
Cardboard 58 30 20 35 
Fine paper 20 7 4 28 
Glass 96 59 35 41 
Ferrous metal Gg 50 30 39 
Non-ferrous metal 76 ae! 33 37 
Compostable materials a3 7 9 13 
Used motor oil 15 7 2 13 


Note: 

Based on detailed information provided by 54 municipalities that provided details of their 
recycling programs. 

Sources: 

Statistics Canada, Public Institutions Division and National Accounts and Environment 
Division. 


Te Statistics Canada - Cat. No. 11-528E 


Information was provided for 165 of the disposal facili- 
ties used by respondents (see Table 8). Sanitary landfills 
are the most commonly reported means of waste disposal 
for municipalities with a population of 50 000 and over. How- 
ever, not all the sites (as described by respondents) appear 
to meet the criteria set for sanitary landfills. Ata minimum, 
in addition to frequent and regular coverage of waste, a san- 
itary landfill must have either a natural or an artificial liner to 
prevent leachate from contaminating groundwater. 


Of the 100 landfills reported, some detailed character- 
istics were provided for 60 sanitary landfills within local mu- 
nicipal boundaries (see Table 8). As reported, in addition to 
frequent coverage of waste, these sites had the attributes 
shown in Table 9. 


DATA QUALITY 


Completed questionnaires were received for all of the 
83 lower-tier governments reported here. Most of these 
were contacted by telephone in order to clarify responses, 
correct inconsistencies and obtain missing information. As a 
result of this follow-up, data on the availability of programs 
and the agent responsible for their delivery is considered to 
be very accurate. The more detailed information on 
characteristics of disposal sites is of lower quality because 
not all municipalities were able to provide these data. 
Population counts were verified using information from the 
1991 Census of Population. 
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Table 7: Hazardous Waste Program by Type of Program, Municipality Size and Region, 1990 


Population of CA/CMA to which 


Municipality Belongs ale 
50 000 - 500 000 - 1 000 000 Atlantic Prairies 
499 999 999 999 and over Canada Provinces Quebec Ontario Provinces B.C. 
Number of municipalities reporting 37 14 32 83 5 19 37 Ui 15 
percent of municipalities reporting 
Residential 70 64 66 67 20 42 95 86 40 
Non-residential 16 29 0 12 20 0 8 43 20 


Sources: 
Statistics Canada, Public Institutions Division and National Accounts and Environment Division. 


Table 8: Garbage Handling and Disposal 
Facilities, 1990 


Type of facility as reported by respondent Number Percent 
Sanitary landfills 100 61 
Other landfills 2 3 
Volume reduction facilities uy 4 
(e.g. incinerators) 
Material recovery facilities é 4 
46 28 


Transfer stations 
Quarry dumps 
Total 


165 100 


Sources: 


Statistics Canada, Public Institutions Division and National Accounts and Environment 
Division. 


Table 9: Sanitary Landfills by Characteristics 


Reported, 1990 
Number reported 
No 

Characteristic Yes No answer Total 
Presence of weigh scales 48 11 1 60 
Natural attenuation 27 9 24 60 
Artificial liner its 35 8 60 
Leachate collection system 29 27 " 60 

1 41 8 60 


Methane gas harnessing system 


Sources: 
Statistics Canada, Public Institutions Division and National Accounts and Environment 
Division. 

Data were requested for the fiscal year ending nearest 
December 31, 1990 but many respondents reported 
programs implemented subsequent to that date. As it was 
not possible to correct for this tendency, some percentages 
are higher than would be expected for the reporting period 
requested. An analysis of responses to the recycling 
question indicates that the impact is greatest on local 
governments with the smallest population. There does not 
appear to be a regional bias to this tendency. 
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LOCAL GOVERNMENTS: UPPER AND 
LOWER TIERS 


Local government in Canada includes all government 
entities below the provincial/territorial level which, by the 
terms of their establishment, do not form part of the provin- 
cial/territorial level. Within this broad category, structures 
and responsibilities of local governments are further divided 
between municipalities, special purpose boards and local 
school districts. Municipalities are subdivided into unitary, 
regional and quasi-municipalities. To prevent double-count- 
ing, these municipalities were further classified into upper 
and lower-tier. For the purposes of this survey, upper-tier 
municipalities are those encompassing one or more local 
government entities. Lower-tier municipalities are those 
within the jurisdiction of another municipality type. 


Upper-tier municipalities typically include metropolitan 
corporations, regional districts, regional municipalities, and 
counties (in Ontario and Quebec). Lower-tier municipalities 
include cities, towns, villages, townships, rural municipali- 
ties, districts and counties (in Nova Scotia and Alberta), and 
some quasi-municipalities (e.g., local government districts, 
local improvement districts). 
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12 Materials Recovery 
and Recycling by the 
Industrial Sector 


| by Marcia Santiago 


INTRODUCTION 


Recycling is not new and neither is it limited to house- 


_ holds. Industry has been active in recycling for some time. 
_ The materials collected for industrial reuse are broadly sim- 
_ ilar to those collected from households: metals, paper, 


glass and plastics. 


From an environmental standpoint, there are some 
beneficial aspects to the manufacturing of metal products 
from recycled material rather than from ores or concen- 


trates. First, producing components from scrap material, 
| rather than from primary metal results in savings of 75-95% 


of energy costs (Chandler, 1990). In addition, considerably 
less pollution is released. 


There are three essential components in a cost-effec- 


| tive recovery and recycling system: supply, technology and 
| markets. The source of recovered material must be readily 
| accessible and reliable. An efficient collection network is 
| especially important in this regard. There must also be in 


place sufficient technological capability to reprocess recov- 
ered materials. Most importantly, the demand for the re- 


| processed materials must be well developed. 


This chapter attempts to compare virgin and scrap ma- 


| terial prices, in order to describe their relative behaviour in 


changing markets. In general, differences in movements of 
virgin and scrap prices are expected to reflect the overall 
pattern of manufacturing activity. In cases where there are 


_ no regulatory pressures, market forces dictate the extent to 


_ which scrap is used. For metals, the difference between 
_ scrap and ore price movements would reflect the relative 


energy demand of primary and secondary manufacturing 
depending on the quality of ore that is available. 


PULPWOOD AND NEWSPRINT 


Although environmental regulations and recently in- 
creased customer demand have focused attention on the 
recycled fibre content in paper, material recovery is actually 


_ a long-standing practice in the pulp and paper industries. 
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Pulpwood chips, a by-product generated by sawmills in the 
processing of timber to lumber, are an alternative to logs 
and bolts in the production of pulp. Similarly, newsprint and 
fine paper may be used as recycled fibre content, in the 
production of either other printing and writing paper or pa- 
perboard and boxboard. 


Chipping is a natural extension of the sawmill busi- 
ness, as it is an efficient way of handling the large volumes 
of pulp wood debris that accumulate. One consideration in 
handling such waste, which usually consists of short log 
ends and chunks, is the distance that the chips must be 
hauled from the sawmill to the pulp mill. A chipping opera- 
tion may, by some estimates, reduce wood debris by al- 
most half (Phillips, 1992). These chips are eventually used 
in the production of pulp, newsprint and other paper prod- 
ucts (Table 1). 


Table 1: Selected Material Inputs to Pulp and 
Paper Products, 1987 


Commodities produced 


Paper 
Commodity inputs Paperboard boxes, bags 
and building and 
Pulp Newsprint board containers 
millions of dollars 
Pulpwood 504 676 54 
Pulpwood chips and 784 ahh) 82 
other wood waste 
Pulp 85 261 237 9 
Miscellaneous paper 22 70 539 2 209 
Total 1395 1320 912 2218 


Source: 
Statistics Canada, Input-Output Division 


Markets for paper containing recycled fibre continue to 
grow. This is especially true in newsprint, despite recurring 
technical problems like “stickies” — a buildup of residual ink 
on the paper machine that requires a great deal of cost and 
effort to control. The development of markets for fine paper 
is also well under way. A Mississauga, Ontario firm was the 
first to supply customers with paper that contained fibre 
from its own wastepaper supply (Hedlund, 1992). 


Unit prices! for some of these materials are shown in 
Figure 1. While the price of old newsprint has been well be- 
low that of unprinted scrap newsprint since mid-1988, the 
price for old newsprint began to fall about one and a half 
years ahead of the price for unprinted scrap newsprint. In 
contrast, prices for pulpwood chips and scrap wood actual- 
ly increased until January 1990, when they reached their 
peak value of $116 per tonne. More recently, the United 
States has been tightening up its regulatory framework, re- 


1. Unless otherwise specified, unit prices quoted in the text are based on 
October 1991. 
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quiring a higher recycled material content in newsprint and 
this may lead to higher prices in the longer term. 


Figure 1: Scrap Wood and Paper Products, 
Monthly Unit Prices, 1984-1992 


dollars per tonne 


0 
1984 1985 1986 1987 1988 1989 1990 1991 1992 


Blank Old White envelope 
newsprint — newsprint cuttings 


Pulpwood chips 
and wood scrap 


Sources: 
Statistics Canada, International Trade Division. 
Recoup Publishing Limited. 


ALUMINUM 


Between 1988 and 1990, production of secondary alu- 
minum in market economies set record volumes of about 
5.1 million tonnes. These high volumes are attributed to 
continuing improvements in the scrap collection system 
and increased recycling promotion by governments and 
environmental groups (EMR, 1991). This is especially true 
of used beverage cans. 


Table 2: Aluminum Production and Trade, 1989 


Quantity Value 


thousand tonnes million dollars 


Total Canadian production 11555 

Imports 
Aluminum ore and concentrate 2544 111 
Aluminum oxide 2 031 629 
Aluminum waste and scrap 58 93 

Exports 
Aluminum, not alloyed 614 1 450 
Aluminum alloys 544 1356 
Aluminum waste and scrap 164 328 


Source: 
Energy Mines and Resources Canada, 1991. 
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In 1989, aluminum scrap represented a total of $328 
million or 164 thousand tonnes in exports (Table 2). This 
mainly consisted of material recovered from industrial proc- 
esses. Another source of aluminum scrap is consumer du- 
rable goods, which include pots, pans, flatware, 
appliances, as well as transportation equipment compo- 
nents. Packaging is also a large component of aluminum 
scrap; used beverage cans are the most common exam- 
ple. 


Aluminum can scrap is used by both primary and sec- 
ondary aluminum producers (Selke, 1990). The first step in 
recycling of aluminum cans is usually a preliminary screen 
with a magnet to remove any steel cans inadvertently 
mixed in. The cans are next shredded to one-inch pieces. 
Fines and dust are collected and removed by high efficien- 
cy cyclones to eliminate any explosion hazard. Magnets 
are again used to remove any steel scraps. Most other 
contaminants, such as paper, are removed in pneumatic 
processing. Finally, the aluminum scrap is charged in the 
furnace, where alloy composition is adjusted as required. 


Compared to other nonferrous metal scrap, the unit 
prices for various grades of recovered aluminum are quite 
high (Figure 2). They range from $738 per tonne for used 
beverage cans to $947 per tonne for aluminum extrusions. 
This is also considerably higher than the unit value of alu- 
minum ore and concentrate ($37 per tonne). 


Figure 2; Aluminum Ore, Scrap and Extrusions, 
Monthly Unit Prices, 1984-1991 


2500 


2000 


dollars per tonne 
a 
8 

dollars per tonne 


500 


1984 1985 1986 1987 1988 1989 1990 1991 1992 


Used beverage cans Extrusions Ore and concentrate 
(left scale) (left scale) (right scale) 


Note: 

“Extrusions” refers to industrial scrap aluminum. 
Sources: 

Statistics Canada, International Trade Division. 
Recoup Publishing Limited. 
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Part of the price difference between aluminum ore/ 
concentrate and recovered aluminum is related to a basic 
cost issue: compared to one produced from ore or concen- 
trate, a product manufactured from a recovered source of 
aluminum requires less energy. Because of the high ener- 
gy requirements for refining aluminum ores, energy ac- 
counts for about one fifth of the cost of producing aluminum 
from ore (Chandler, 1990). Use of recycled aluminum rep- 
resents an overall cost savings of about 40%. 


However, the market for recycled packaging is subject 
to a number of stresses. First, aluminum is a somewhat 
more expensive packaging material than steel for produc- 
ing beverage cans. In Ontario, some of the major soft drink 
manufacturers have begun to use cheaper bimetal cans. 
Although these alternatives may be used in steel recycling, 
they could pose problems for programs that depend on the 
more lucrative aluminum cans to fund other aspects of the 
recycling facility. Another factor is an environmental levy 
imposed on beer cans, to which some manufacturers of 
aluminum cans have attributed a recent drop in sales. 


TRON AND STEEL 


Ferrous scrap is used in steel produced in electric fur- 
nace mills and integrated mills. Foundries are also a large 
market for iron and steel scrap. In turn, automotive manu- 
facturers are these industries’ primary markets. As such, 


_ Canadian scrap prices often fluctuate with the pattern of 


growth in these industries. For example, activity in these in- 
dustries has been slack recently and that pattern is reflect- 
ed in the prices of steel scrap. 


In Canada, new scrap averaged 17% of total finished 
steel and represented 60% of total purchased scrap (Stol- 
_lery, 1983). High grade ferrous scrap competes directly 
with pig iron in steel furnaces because it can be used with- 
out intermediate smelting or refining. Thus, the price of fer- 
rous scrap may be expected to vary positively with steel 
output. Stollery shows that changes in the price of ferrous 
scrap affect the demand for iron ore, which is also influ- 
_ enced by increases in the output of steel in the U.S. 


Several grades of ferrous scrap are traded in second- 
_ ary markets and two examples are shown in Figure 3. 
_ Heavy melting steel, valued at $96 per tonne, consists of 
_ wrought iron and steel segments that are at least four inch- 
es thick. Black and galvanized steel scrap, clippings, old 
_ auto bodies and fenders are all compressed to bundles of 
_ fixed sizes. Depending on the impurities, bundled scrap, as 
| itis called, also has several grades. In late 1991, flattened 
_ car bodies were priced at $61 per tonne. 


| Prices for both iron ore and ferrous scrap (heavy melt- 
_ ing steel and flattened car bodies) have been stable since 
| the middle of 1988. Price changes for these commodities 


| 
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are shown in Figure 3. Scrap prices increased steadily 
from the beginning of 1984, when prices ranged from $47 
per tonne to $89 per tonne, to the latter part of 1988, when 
they reached $74 per tonne to $113 per tonne. These pric- 
es, however, have felt the effect of recession. By the latter 
part of 1991, they had fallen well below the 1988 level. 


Figure 3: Iron Ore and Scrap Steel, Monthly Unit 
Prices, 1984-1991 


dollars per tonne 


0 
1984 1985 1986 1987 1988 1989 1990 1991 1992 


lronoreand Heavy Flattened 
concentrate melting steel car bodies 


Sources: 
Statistics Canada, International Trade Division. 
Recoup Publishing Limited. 


COPPER 


A comparison of monthly copper ore and scrap unit 
prices is shown in Figure 4. Since 1984, the price move- 
ment has been similar to that of other primary and second- 
ary metals. However, the unit price of copper ore and 
concentrate is about the same as that of Number 1 copper 
scrap, which is at least 96% pure copper and valued at 
$2.22 per kg. This is quite different from the pattern shown 
by iron and aluminum. It reflects differences in the quality 
of ores and concentrates that are traded. There is also a 
range of lower grade, refinery brass and smelter copper, 
whose prices range from $0.88 per kg to $1.83 per kg. 


Historically, Stollery (1983) has shown that the prices 
of scrap copper have followed the pattern of activity in U.S. 
and European durable goods manufacturing. Although 
there are considerable differences in the energy require- 
ments of primary and secondary copper production, the 
availability of fairly high-grade virgin material has main- 
tained the relative market positions of ore and scrap. 
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Figure 4: Copper Ore and Scrap, Monthly Unit 
Prices, 1984-1991 
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Sources: 
Statistics Canada, International Trade Division. 
Recoup Publishing Limited. 


DATA SOURCES 


Price data for pulpwood chips, as well as metal ore 
concentrates, are based on quantity-weighted averages of 
import/export values. At the time of writing, time series 
based on the Harmonized Commodity Description and 
Coding System were available for the period September 
1988 to April 1992. These are values declared at Customs, 
rather than announced or actual producer or purchaser 
prices. This is the most easily accessible source of non- 
confidential unit prices. 


Price data for recovered materials were taken from a 
series of publications (Recoup). From this series, the most 
recent available issue was for October 1991 prices. In all 
cases, these are announced broker prices. Prices shown 
are specific to certain regions: Northeastern U.S. and 
Southern Ontario (used beverage cans), Ontario (ferrous 
scrap) or Toronto (other nonferrous scrap, paperstock). 
There may be quite a large difference between the an- 
nounced prices and the discounted ones. 
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13 Preliminary Estimates of 
the Value of Crude Oil 
and Natural Gas Reserves 
in Alberta 


by Alice Born 


INTRODUCTION 


Economically recoverable sub-soil mineral deposits 
are wealth assets and not merely “free gifts of nature” as 
they are presently treated by conventional methods of na- 
tional accounting. Thus, there is no national accounting for 
the total value of Canada’s renewable or non-renewable 
natural resources and their physical depletion. Currently, 
the value of Canada’s natural resources is excluded from 
Canada’s National Balance Sheet Accounts, thus underes- 
timating Canada’s wealth. 


This article presents preliminary results from a pilot 
study of the value of Alberta’s crude oil and natural gas re- 
serves. Statistics Canada proposes to include the value of 
Canada’s natural resources in the National Balance Sheet. 
The development of physical accounts will provide a con- 
sistent national set of estimates of Canada’s natural re- 
source base, while the development of monetary accounts 
will provide a conceptual framework for monetary valuation 
of Canada’s natural resources and their economic deple- 
tion. 


Why should we measure the monetary value of Cana- 
da’s natural resource endowment? Firstly, the use of natu- 
ral resource assets generates substantial amounts of 
revenue and makes an important contribution to Canada’s 
economic activity. The monetary accounts will provide an 
indication of the size of this income-generating potential. 
Secondly, monetary valuation of our natural resources pro- 
vides a tool that allows us to compare Canada’s net worth 
(assets - liabilities) to other industrialized countries without 
such natural resource endowments. The national balance 
sheet provides a total picture of a country’s tangible and fi- 
nancial wealth thus aiding intertemporal and international 
economic structural comparisons. Thirdly, evaluation of a 
nation’s future potential for sustained income generation 
can be enhanced by detailed analysis of national and pro- 
vincial assets and liabilities. Revenues from non-renewable 
resources (e.g. royalties and land costs) may be converted 
into other assets capable of providing an ongoing return 
through savings and investment. An accounting represen- 
tation should recognize that one kind of asset can be ex- 
changed for another, the sale of a natural resource is 
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exchanged for the acquisition of a new income-producing 
asset and the loss of the natural resource extracted. There 
is also public concern about the availability of mineral re- 
sources needed to sustain economic growth. Will resource 
availability seriously constrain the high standards of living 
in developed countries and the economic growth of the de- 
veloping countries? It is hoped that natural resource ac- 
counting will address some of these issues. 


Natural resource accounts can be used to measure 
the interrelationship between the economy and the envi- 
ronment. The focus of traditional systems of national ac- 
counts on market transactions in the economy has 
excluded accounting for changes in the quality of the envi- 
ronment and the stock and depletion of natural resources. 
Initiatives have been taken by the United Nations and sev- 
eral countries on satellite accounting for the environment in 
the System of National Accounts (SNA) in order to account 
for environmental and natural resources such as air, water, 
land, forests and sub-soil mineral deposits. The current re- 
vision to the SNA by the United Nations presents an oppor- 
tunity to examine how natural resource accounting can be 
linked to or incorporated in the SNA (Bartelmus, 1991). In 
measuring sustainable development, there is a need to ful- 
ly account for the use of both man-made and natural capi- 
tal in order to recognize the possibility of non-sustainable 
growth and development (Bartelmus et a/, 1991). The pro- 
posed SNA framework extends the concept of capital as- 
sets to cover both. 


Only those reserves capable of producing economic 
benefits to their owners with current technology, scientific 
knowledge and relative prices and costs at the date to 
which the Balance Sheet relates will be included in the 
physical and monetary accounts. These natural resources 
have a high probability of being used in production of 
goods and services. Known reserves of oil and natural gas 
reserves that are not commercially exploitable in the fore- 
seeable future are excluded from that Balance Sheet Ac- 
counts. These reserves may possibly become economical 
as the result of new technologies or major changes in rela- 
tive prices similar to those of the oil shocks in the 1970s 
and 1980s. Accordingly, the physical and monetary ac- 
counts record, for any given year, the value of resources 
known to exist in that year, and to be economically viable 
given the technologies available in that year, all evaluated 
at the prices and costs prevailing in that year. 


In December 1990 the Federal Government released 
Canada’s Green Plan. Some of the initiatives from the 
Green Plan include: updating estimates of all natural re- 
source stocks; increasing monitoring programs on the uses 
of renewable and non-renewable resources; and identify- 
ing the value of Canada’s natural resources. Statistics 
Canada’s role is to provide statistical information that inte- 
grates economic and environmental elements so that, for 
example, the value of natural resources is reflected in the 
Canadian System of National Accounts. Two pilot projects 
in natural resource accounting have been initiated by the 


Statistics Canada - Cat. No. 11-528E 79 


Preliminary Estimates of the Value of Crude Oil and Natural Gas Reserves in Alberta 


National Accounts and Environment Division at Statistics 
Canada. One considers a non-renewable resource, crude 
oil and natural gas reserves, and the other involves a re- 
newable resource, timber. 


This work on the development of natural resource ac- 
counts is part of the continuing work to complete the Cana- 
dian System of National Accounts (CSNA). The CSNA is 
one of the most complete national accounting systems in 
the world. The National Balance Sheet is only one compo- 
nent of this system and it provides estimates of Canada’s 
wealth. When partial estimates of non-financial assets 
were first published as part of the National Balance Sheet 
in 1985, it was intended that further work be undertaken to 
complete the balance sheet by including other non-finan- 
cial assets such as renewable and non-renewable re- 
source assets. 


This chapter presents both physical and monetary ac- 
counts for the crude oil and natural gas reserves of the 
Province of Alberta from 1961 to 1990. It is a shorter ver- 
sion of an earlier discussion paper (Born, 1992). For a 
more theoretical and expanded discussion, readers are re- 
ferred to this previous paper. 


THE OIL AND NATURAL GAS SECTOR 
IN ALBERTA 


Alberta is the largest producer and owner of economi- 
cally recoverable reserves of crude oil and natural gas in 
Canada. At the end of 1990, there were 530 million cubic 
metres of conventional crude oil reserves in Alberta, repre- 
senting 60% of Canada’s remaining established reserves 
of conventional crude oil, 1.7 billion cubic metres of mar- 
ketable natural gas (62% of the Canadian total) and 524 
million cubic metres of developed crude bitumen (100% of 
the Canadian total) (Canadian Petroleum Association, 
1990; and Alberta Energy Resources Conservation Board, 
1990). 


The value of Alberta’s production of conventional 
crude oil, natural gas and their associated by-products was 
$15.5 billion in 1990 or 83% of the value of Canada’s total 
petroleum production (Statistics Canada, 1990). The value 
of Alberta’s production from non-conventional sources (e.g. 
tar sands) was $2.8 billion, representing all of Canada’s 
synthetic crude oil and bitumen production in 1990. 


The upstream oil and natural gas sector is a capital in- 
tensive activity. Annual capital (namely exploration and de- 
velopment) expenditures in Alberta increased from $272 
million in 1961 to $4.0 billion in 1990. Net fixed capital 
stock estimates for the sector have increased from $1.6 bil- 
lion to $33.6 billion in that same period. 


Royalties, and land acquisition costs and rental fees 


totalled $154 million in 1961 and $3.7 billion in 1990 for the 
province. Operating costs for extraction of oil and natural 
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gas totalled $124.0 million in 1961 and increased to $4.8 
billion in 1990. 


Since most of Canada’s petroleum production and re- 
maining reserves are located in Alberta, this province has 
been examined first. Valuation models developed for Alber- 
ta’s conventional reserves of crude oil and natural gas re- 
serves are extended to other areas of Canada with oil and 
natural gas reserves and Alberta’s non-conventional re- 
serves of crude bitumen and will be published at a later 
date. 


DEFINITION OF MINERAL RESERVES 
AND RESOURCES 


Estimates of the size of reserves of non-renewable 
(exhaustible) resources are continually being revised. In 
the development of physical accounts, the McKelvey Box is 
used to distinguish mineral resources from mineral re- 
serves and to show what factors affect the size of the re- 
serves (Figure 1). The vertical axis in Figure 1 represents 
the degree of economic recoverability and the horizontal 
axis measures the degree of geological certainty. Econom- 
ically recoverable resources are located in the top left-hand 
corner of the diagram (e.g. identified proven, probable (es- 
tablished) and possible reserves). The feasibility of re- 
source extraction decreases through to the lower right- 
hand section (e.g. sub-economic and undiscovered re- 
sources). The boundary between economic and sub-eco- 
nomic resources is affected by the relationship between 
prices and extraction costs, and technological improve- 
ments. The boundary between discovered and undiscov- 
ered resources fluctuates as the result of a petroleum 
company’s investment in exploration and development, 
and differing geological conditions. 


Oil and natural gas reserve estimates of Canada pro- 
vided by the Canadian Petroleum Association (CPA), Al- 
berta Energy Resources Conservation Board (AERCB), 
National Energy Board and other government agencies are 
reported as established reserves. Established reserves are 
“those reserves recoverable under current technological 
and present and anticipated economic conditions, specifi- 
cally proved by drilling, testing or production, plus that 
judgement portion of contiguous recoverable reserves that 
are interpreted to exist from geological, geophysical or sim- 
ilar information, with reasonable certainty” (Tanner, 1986; 
Daze): 


The AERCB estimates two types of established re- 
serves: remaining established reserves and yet-to-be es- 
tablished reserves, the sum of which is remaining ultimate 
potential established reserves'.Yet-to-be established re- 
serves are based on estimates of future reserve growth 
from new discoveries and reserve additions to be recov- 


1. The term “remaining” refers to initial established reserves less cumulative 
production. 
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Figure 1: The McKelvey Box Used to Distinguish Reserves from Resources 
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Source: 
Modified after McKelvey, 1972. 


ered from future enhanced recovery. The ultimate potential 
is defined as an estimate of established reserves that will 
have been developed in an area by the time all exploratory 
and development activity has ceased (AERCB, 1991). Esti- 
mates of the ultimate potential are used to forecast Alber- 
ta’s oil supply. Table 1 shows the remaining and yet-to-be 
established reserves for crude oil and natural gas at the 
end of 1990. 


Table 1: Established Reserves of Crude Oil and 
Natural Gas in Alberta, 1990 


Remaining 
Remaining Yet-to-be ultimate Reserve 
established established potential life 
millions of cubic metres years 
Crude Oil 510 649 1159 21 
Natural Gas 1 649 000 1 420 000 3 114 000 35 


Source: 
Alberta Energy Resources Conservation Board, 1991. 


This study is concerned with identified economic re- 
sources which are defined as those deposits whose loca- 
tion, quality and quantity are known and that can be 
economically extracted at the time of determination. The 
physical accounts consist of opening and closing stocks of 
remaining established reserves, extraction (depletion) of 
reserves and their appreciation as the result of discoveries, 
development, revisions and enhanced oil recovery (sec- 
ondary and tertiary recovery) since these reserves have a 
high probability of being extracted for economic purposes. 
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In natural resource accounting, both physical and mon- 
etary units are needed to provide a complete picture of the 
use and the stock of natural assets. Physical resource ac- 
counts show the total stock of reserves and changes in the 
stocks, thus providing the stock and flow data required for 
the monetary balance sheet accounts. 


Estimates of remaining established reserves of crude 
oil and natural gas for the Province of Alberta are provided 
in Table 5 in the Physical Accounts for the period from 1961 
to 1990. Figures 2 and 3 compare the remaining reserves 
and cumulative production for crude oil and natural gas. For 
crude oil reserves, the rate of depletion of reserves has re- 
mained stable since 1981, averaging 55.2 million cubic me- 
tres per year. However, the remaining reserve stock has 
declined by 27% during that same period. For natural gas 
reserves, the average depletion rate was 68.3 billion cubic 
metres from 1978 to 1987 but has increased to an average 
of 88.2 billion cubic metres for 1988 to 1990. The stock of 
remaining reserves of natural gas peaked at 1 853 billion 
cubic metres in 1982 but declined to 1 647 billion cubic me- 
tres in 1990. General current trends of reserve stocks indi- 
cate that reserve additions are not replacing reserve 
depletion. This is more prevalent for crude oil than for natu- 
ral gas. 
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Figure 2: Summary of Remaining Established 
Reserves and Cumulative Production 
of Conventional Crude Oil in Alberta, 
1961 - 1990 
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Figure 3: Summary of Remaining Established 
Reserves and Cumulative Production oi 
Marketable Natural Gas in Alberta, 
1961 - 1990 
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THE CONCEPT OF ECONOMIC RENT 


The concept of economic rent is central to the mone- 
tary valuation of natural resources (Repetto et a/, 1989). 
Economic rent constitutes the difference between the inter- 
national commodity price and all factor costs of extraction, 
including a normal return to capital but excluding taxes, 
royalties and other costs that are not part of the cost of 
physical extraction. The value of the resource in the ground 
is equal to the future stream of income or economic rent 
derived from the extraction of the natural resource. 


Economic rents obtained from the extraction of petro- 
leum are defined as the returns in excess of those required 
to sustain production, reserve development and explora- 
tion (Kemp, 1992). As owners of the natural resources, 
governments may collect rents through auctioning of explo- 
ration rights, taxation or royalties. With competitive bidding 
for mineral rights, the host government collects anticipated 
or ex ante economic rents in a lump sum payment. A royal- 
ty system is used to ensure that the government receives 
an acceptable share of the realized or ex post economic 
rents. 


Economic rents from natural resources are complex, 
consisting of Hotelling (scarcity) rents and Ricardian (differ- 
ential) rents as well as locational rents (arising from differ- 
ences in transportation costs). Since oil and natural gas 
reserves are non-renewable and their supply is finite, at 
least part of the net flow of income can be attributed to the 
scarcity of the resource. While much of the literature has 
focused on aggregate economic rent or Hotelling rents, 
there is little discussion on how to treat these different rents 
in the context of the development of natural resource ac- 
counts. There are conceptual difficulties in separating 
these resource rents as discussed in Born (1992). 


In 1931, Hotelling provided a theoretical model of the 
behaviour of markets for exhaustible resources. The Hotel- 
ling “hypothesis” states that under certainty, in the absence 
of extraction costs and under competitive market condi- 
tions, the price of a natural resource rises at the market 
rate of interest. The ability of the theory to describe and 
predict actual behaviour of natural resource markets re- 
mains an area of considerable debate with little empirical 
evidence to support it. However, several recent studies in 
natural resource accounting of oil and natural gas reserves 
(Landefeld and Hines, 1985; Repetto et a/, 1989; and 
Smith, 1991) use the Hotelling model as the basis for a 
method of monetary valuation. This is the “net price” ap- 
proach presented below. 


Others (Devarajan and Fisher, 1982, and Lasserre, 
1985) have suggested the use of discovery costs plus the 
rent on exploration prospects (e.g. land acquisition costs) 
as an approximation for resource rents. The argument is 
that exhaustible-resource rents can be measured by what 
firms are ready to spend in exploration and development in 
order to make the resource available. This is the basis of 
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the “replacement cost” method of monetary valuation dis- 
cussed below. 


MONETARY VALUATION OF OIL AND 
NATURAL GAS RESERVES 


Mineral deposits should be viewed as capital assets 
that represent forms of national wealth. Ideally, reserves of 
mineral resources should be valued at the market prices at 
which the natural resource asset would be sold. However, 
most mineral stocks are not traded frequently on the mar- 
ket and their market values must be imputed. Three meth- 
ods of monetary valuation are proposed in this study: 


(i) Present Value 
(ii) Net Price 
(iii) Replacement Cost 


Results from the different methods of valuation are 
presented for conventional crude oil and natural gas re- 
maining established reserves in Alberta. These results are 
preliminary and may be further refined before the values 
are included formally in the Canadian National Balance 
Sheet Accounts. The three methods produce a wide range 
of monetary values and the difficulty is to determine what 
assumptions should be used and which set of estimates is 
most reliable. 


Present Value 


As a Capital asset, a mineral deposit is valued on the 
basis of its net flow of income or “rent” that is anticipated 
over the lifetime of the deposit. If the capital market is com- 
petitive and the merit of any investment is assessed in 
terms of alternative investments, the expected income flow 
from the deposit is then discounted to establish the “net 
present value”. 


The present value approach or discounted value of fu- 
ture net returns has been proposed by the UN SNA Hana- 
book on Integrated Environment and Economic Accounting 
(United Nations, 1990) as the most appropriate method of 
monetary valuation of opening and closing stocks and 
changes to stocks due to volumes and price changes. Dis- 
counted cash flow analysis is the standard approach used 
by companies to value properties and is used in annual 
corporate reports and U.S. Annual reports include the 
present value of future net cash flows from the estimated 
production of proven reserves based on the Reserves Rec- 
ognition Accounting (RRA) method. The RRA method is 
based on a discounted cash flow or present value which 
assumes the continuation of current oil and natural gas 
margins discounted at an arbitrary 10% real rate. A com- 
parison of the results from this study with those from vari- 
ous companies showed similar results (Born, 1992). 


The choice of an appropriate discount rate for calculat- 
ing the present value of reserves is problematic in terms of 
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choosing a “private” or “social” discount rate. There are 
considerations of intergenerational equity, the opportunity 
cost of capital and social time preference. Discounting ap- 
pears to be inconsistent with the concept of sustainable de- 
velopment since the higher the discount rate, the lower the 
importance attached to the future use of the natural stock 
(Pearce and Turner, 1990). Adelman (1986) suggests that 
a nation with a highly diversified portfolio of assets should 
use a discount rate near the commercial rate employed by 
industry to discount the flow of net revenues. Long-term 
corporate bond rates have been used extensively in other 
studies and are used in this study as the discount rate. 


Some of the results from the present value calcula- 
tions for oil and natural gas are presented in Table 2. Val- 
ues presented in this report show that in 1990, the value of 
oil reserves in the ground ranges from $11.9 billion to $14.4 
billion and the value of natural gas reserves ranges from 
$4.1 billion to $7.7 billion, discounted at long-term corpo- 
rate bond rates. Present value estimates vary considerably 
depending on the assumptions made and this is their major 
weakness. Several assumptions relating to the appropriate 
discount rate, return to man-made capital and depreciation 
charges need to be chosen in order to produce results. 


Net Price 


The net price method, as developed by Landefeld and 
Hines (1985) applies the current average net price per unit 
(i.e. current revenues less current production costs per 
unit) to the physical quantities of established reserves. It 
can be interpreted as an application of the “Hotelling” mod- 
el where the net price of the resource is expected to rise at 
exactly at the same rate of return on alternative invest- 
ments (e.g. the rate of interest). The net price method is a 
special case of the present value method in which on aver- 
age, long-run equilibrium is assumed to occur (i.e. the net 
price will rise at the rate of alternative investments) and the 
increase in the net price will exactly offset the discount 
rate. 


The net price is calculated from revenues less operat- 
ing costs less opportunity cost of man-made capital (i.e. 
the return to capital and depreciation charge) divided by 
the quantity extracted in a given period. This net price per 
unit extracted is multiplied by the remaining reserves to ob- 
tain the total value of the opening and closing stocks. A 
variant on this approach, outlined by Landefeld and Hines 
(1985), subtracts the current replacement cost of man- 
made capital rather than its opportunity cost. 


Table 3 presents preliminary results for the value of re- 
serve of oil and natural gas reserves in Alberta. Two values 
are shown: the first method subtracts the opportunity cost 
of man-made capital employed by the petroleum industry 
plus depreciation and the second method uses the same 
methodology as Landefeld and Hines (1985). Results from 
this study indicate that in 1990 the value of crude oil re- 
serves in Alberta ranges from $20.0 billion to $41.2 billion 
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a 


and the value of natural gas reserves ranges from $10.4 1986 along with increasing extraction costs, the value of 
billion to $65.1 billion using the net price approach. resource rents has decreased significantly. Analysis of the 
data in this study finds that the assumptions of the Hotel- 

The difference in the estimates from the two methodol- ling model are too restrictive. It appears that the current net 
ogies lies in the difference in the treatment of the man- price is not appropriate for valuing future production of re- 
made capital employed in exploring, developing and ex- serves. The net price method seems to have undervalued 
tracting the natural resource. In the method outlined by future production during the 1960s and 1970s given the 
Landefeld and Hines (1985), there is no “normal return to rapid increase in net price from 1972 to 1985 for both oil 
(man-made) capital” excluded from the value added of the and natural gas. The net price method has overvalued fu- 
natural resource. ture production in the early 1980s in light of the wellhead 
price collapse in 1986. However, the net price provides a 

Most monetary values for oil and natural gas reserves basis for comparison with other studies (Repetto et al, 
reported in the current literature are based on the net price 1989; and Smith, 1991) and the accounting procedures 
approach which assumes the Hotelling model. In Alberta, used in the net price method are similar to those used in 
with the collapse of world oil and natural gas prices since the present value method. The net price has an advantage 


Table 2: Estimate of the Monetary Value of Crude Oil and Natural Gas Reserves in Alberta Based on the 
Present Value Method, 1961-1990 


Crude oil reserves Natural gas reserves Total value of reserves 


Year [1] [2] [3] [1] [2] [3] [1] [2] [3] 


millions of dollars 


1961 1 927.2 1 461.4 3417.4 -309.7 -544.6 4 431.8 16175 916.8 7 849.2 
1962 1 747.9 1 564.6 2 846.2 110.6 -419.2 5 494.9 1 858.6 1145.4 8 341.1 
1963 2 049.5 1 700.2 3216.2 930.6 -77.1 6 464.4 2 980.2 1 623.1 9 680.6 
1964 2 081.7 1 963.7 3 826.8 1 182.1 378.7 7 333.0 3 263.8 2 342.3 11 159.8 
1965 2 297.9 2 341.3 8 343.5 1 359.1 877.6 8 850.7 3 657.0 3218.8 17 194.2 
1966 2071.2 2 257.4 9 460.0 1 256.5 1148.5 10 334.9 3 327.8 3 405.9 19 794.9 
1967 2 026.6 2 161.2 11 747.7 1 454.6 25701 9 953.2 3 481.2 3418.3 21 700.9 
1968 2 343.1 2 063.3 12 643.4 1 343.5 1 268.5 10 013.8 3 686.6 3 331.8 22 657.2 
1969 2 482.7 2 092.5 13430.9 1 056.6 1 230.0 10 429.2 3 539.3 3 322.6 23 860.1 
1970 3 639.0 2 478.2 14 777.4 544.9 1 129.6 11 422.8 4 184.0 3 607.7 26 200.2 
1971 5 018.6 3 398.9 16 873.1 380.0 996.4 12 568.4 5 398.6 4395.3 29 441.5 
1972 6 543.0 4 405.9 19 989.6 519.0 744.3 15 173.0 7 062.0 5 150.2 35 162.6 
1973 10 801.3 6 291.0 25 131.2 1 331.9 747.9 19 724.0 12 133.2 7 038.9 44 855.2 
1974 15 839.9 9012.5 30 800.8 4 489.5 1 667.2 26 321.2 20 329.4 10 679.8 57 122.0 
1975 15 394.4 12 313.9 30 412.2 9 892.1 4 145.9 25 839.9 25 286.5 16 459.8 56 252.1 
1976 16 039.0 16 032.5 33 237.1 14 587.6 8 199.3 28 556.5 30 626.6 24 231.8 61 793.6 
1977 21 037.0 19 639.8 35 206.3 21 206.3 14 146.9 29 984.0 42 243.3 33 786.7 65 190.3 
1978 24 834.3 21 609.6 35 965.5 20 924.8 18 407.1 29 595.4 45 759.2 40 016.7 65 560.9 
1979 28 646.9 24 196.2 40 686.2 25 882.8 22 296.3 34 833.9 54 529.7 46 492.4 75 520.1 
1980 25 160.9 24 995.7 37 957.9 28 699.0 23 982.1 30 375.9 53 859.8 48 977.7 68 333.8 
1981 22 013.9 24 178.7 33 676.1 21 155.2 22 398.5 22 826.3 43 169.1 46 577.2 56 502.4 
1982 28 642.0 27 481.4 34 828.9 23 683.3 25 640.6 19 152.1 52 325.2 53 122.0 53 981.0 
1983 47 051.1 35 846.1 36 610.1 30 644.7 32 469.5 18 467.3 77 695.9 68 315.6 55 077.4 
1984 50 967.3 40 552.4 27 955.6 32 226.0 30 483.1 11 818.4 83 193.2 71 035.4 39 774.0 
1985 50 620.5 49 074.0 22 891.9 37 082.5 36 008.1 9 966.4 87 702.9 85 082.0 32 858.3 
1986 14 083.6 46 847.9 19 173.1 19 789.5 36 012.0 9 023.3 33 873.1 82 859.9 28 196.4 
1987 20 838.2 37 988.1 20 368.2 6 788.5 27 817.3 1275257 27 626.7 65 805.4 33 120.9 
1988 5 958.8 25 002.8 21 178.0 4 160.5 19 195.2 13 377.5 10 119.3 44 198.0 34 555.5 
1989 9 218.4 13 358.7 21 958.4 2 491.9 9 420.2 lev2e2o2 11 710.3 22 778.9 37 183.6 
1990 11 931.4 12 033.5 14 406.5 4142.2 4593.4 7 705.2 16 073.6 16 627.0 22 Milliaes 
Notes: 


[1] Discounted using a long-term bond corporate bond rate; based on year-end prices and costs. 

[2] Same as [1] except based on a 4-year moving average. 

[3] Based on “perfect knowledge” of production, prices and costs; discounted using a long-term corporate bond rate. 
The results in this table should be treated as preliminary. 
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over present value calculations since there is no need to 
forecast or to make assumptions about future prices, ex- 
traction costs and rates, and interest rates. 


Replacement Cost 


Conceptually, resource rent is the most appropriate 
measure of the value of the resource in the ground. How- 
ever, there are some problems involved when resource 
rents are used since rental values are not readily observed 
and must be imputed. Several studies have used the cost 
of discovering and developing reserves as a proxy for re- 
source rent. The argument is that exploration and develop- 
ment dollars will be spent as long as the expected gain 
from finding the resource equals the marginal cost of ex- 
ploration and development. The expected discovery value 


of the resource stock should be equal to the present value 
of its expected rents. 


In this study the “full marginal discovery cost” ap- 
proach developed by Eglington and Uffelmann (1983), 
Lasserre (1985) and McLachlan (1990) has been adopted 
to approximate resource rent. It is the sum of the marginal 
cost of exploration and development plus land acquisition 
costs divided by reserve additions in a given period (e.g. 
reserves from discoveries, development and revisions, and 
in the case of crude oil reserves, enhanced oil recovery) to 
yield a replacement cost per unit of crude oil or natural gas 
reserve added. A 5-year average is used to average the 
costs and the booked reserve additions. The average unit 
cost of booked reserves is multiplied by the remaining es- 


Table 3: Estimates of the Monetary Value of Crude Oil and Natural Gas Reserves in Alberta Based on the 


Net Price Method, 1961-1990 


Crude oil reserves 


Year [1] 2] 
1961 3 189.1 5 279.7 
1962 2 896.6 5 121.3 
1963 3519.4 6 047.8 
1964 5 384.0 10 188.4 
1965 5 106.6 10 489.5 
1966 5 145.1 11 633.1 
1967 4 920.8 11 569.7 
1968 6 154.9 13 280.6 
1969 6 431.2 13 572.2 
1970 8510.3 14 730.0 
1971 10 061.3 15 674.3 
1972 11 094.0 15 411.8 
1973 15 261.6 18 327.5 
1974 27 161.3 31 408.5 
1975 31 061.9 36 934.0 
1976 32 959.5 39 137.6 
1977 40 072.5 45 945.0 
1978 45 944.0 52 143.1 
1979 47 405.9 53 165.4 
1980 48 936.2 57 747.7 
1981 5 3520.6 68 341.5 
1982 67 414.7 84 503.8 
1983 96 300.4 111 590.3 
1984 96 258.0 111 990.5 
1985 95 353.3 113 337.7 
1986 25 440.0 43 965.9 
1987 37 004.5 56 728.0 
1988 9 856.3 28 558.4 
1989 15 438.4 35 650.5 
1990 19 962.9 41 244.9 
Notes: 


[1] Net price equals revenue less operating costs, return on capital and depreciation charge. 


[2] Net price is based on the methodology by Landefeld and Hines (1985). 
The results in this table should be treated as preliminary. 
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Natural gas reserves 


Total value of reserves 


[1] [2] [1] [2] 


millions of dollars 


-1 279.8 1 896.2 1 909.3 7175.9 
335.7 2 783.2 3 232.3 7 904.5 
2582.9 5 052.8 6 102.2 11 100.6 

3 258.2 5 877.8 8 642.2 16 066.2 

3 759.8 6 660.2 8 866.4 17 149.7 

3 703.0 7 132.0 8 848.2 18 765.0 
4508.7 8543.5 9 429.4 20 113.3 
4608.4 9 560.2 10 763.3 22 840.8 

3 335.3 8 322.1 9 766.5 21 894.3 

1 700.6 7 567.3 10 210.8 22 297.3 
949.5 6 522.5 11 013.4 22 196.8 
1218.0 6 967.6 12 312.0 22 379.4 

3 343.0 10 383.1 18 604.6 287 10.5 
13 130.9 23 953.7 40 292.2 55 362.2 
29 282.7 43 114.4 60 344.6 80 048.4 
45 249.7 63 037.7 78 209.2 1O2ti7o.2 
58 962.7 77 638.3 99 035.2 123 583.2 
59 089.6 81 672.9 105 033.6 133 816.0 
75 827.3 104 952.4 123'233:2 158 117.8 
108 121.9 158 274.1 157 058.1 216 021.9 
92 319.5 162 327.4 145 840.1 230 668.9 
115 804.9 211 901.2 183 219.6 296 405.0 
111 886.2 187 556.8 208 186.6 299 147.0 
118 565.9 194 992.3 214 823.8 306 982.8 
113 027.7 179 398.8 208 380.9 292 736.6 
54 618.4 116 868.3 80 058.4 160 834.2 
19 029.6 82 871.6 56 034.1 139 599.6 
9 766.6 56 817.6 19 622.8 85 375.9 

6 041.1 57 122.9 21 479.5 92 773.4 
10 368.5 65 081.1 30 335.3 106 326.0 
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tablished reserves of crude oil and natural gas to obtain the 
value of the stock. 


Table 4 presents a summary of the estimates of the re- 
placement cost value of crude oil and natural gas reserves. 
The replacement value for crude oil has declined from $60 
billion to $43 billion over the 1983 to 1990 period. While re- 
placement costs for reserve additions per unit have in- 
creased, the volume of remaining reserves has decreased 
by 22% over the period, thus accounting for the trend in the 
value of remaining oil reserve stock. The replacement cost 
value which represents the present value of obtaining re- 
serve additions through exploration and development pro- 
duces similar results to the present value method until 
1987 (Figure 4).' This suggests that the expected discov- 
ery value of the resource stock is equal to the present val- 
ue of its expected rents. The oil price collapse in 1986 and 
increasing capital costs have caused a significant de- 
crease in the present value of oil reserves since 1986. It 
appears since 1986 that the assumption that the full mar- 
ginal discovery cost can be used as a proxy for resource 
rent no longer applies in the short term. 


Figure 4: Estimates of the Monetary Value of 
Crude Oil Reserves in Alberta, 1961- 
1990 


billion dollars 


4 ae 
1960-1965, 19/0 1975 19605 1865 Sn 12a 


Net Present Replacement 
price value value 


Note: 
The net price is from [1] in Table 3 and the present value is from [2] in Table 2. 


1. Both the replacement cost value and the present value are “discounted” 
using a long-term corporate bond yield. 
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The replacement cost value for natural gas reserves 
shows an increase from $53 billion in 1982 to $81 billion in 
1990. While physical reserve stocks have decreased by 
12% from 1982 to 1990, replacement costs per unit of re- 
serve added have more than doubled, thus producing in- 
creasing values for the total stock of natural gas. Present 
value and replacement cost value have similar trends until 
1979 after which the replacement cost value increases and 
the present value decreases (Figure 5). 


Table 4: Estimates of the Economic Value of 
Crude Oil and Natural Gas Reserves in 
Alberta Based on the Replacement Cost 


Method 
Crude oil reserves Natural gas reserves 
a Total 
Unit Unit reserve 
Year cost Value cost Value value 
dollars millions dollars per 
per m°? of dollars thousand m? millions of dollars 
1963 4.35 2 632.5 1.86 1 728.6 4 361.1 
1964 3.99 3 700.4 2.04 2 020.7 5 721.0 
1965 3.50 3 384.6 2.28 2 412.6 5 797.2 
1966 2.96 3179.3 2.37 2546.2 5725.5 
1967 2.44 2734.6 2.77 3 101.6 5 836.2 
1968 2.04 2 469.7 3.02 3 690.8 6 160.6 
1969 2.30 2810.5 3.37 4 296.3 7 106.8 
1970 » 2.58 3 122.0 3.96 5 066.6 8 188.6 
1971 3.02 3547.3 4.69 5 984.8 9 532.1 
1972 3.92 4 409.9 5.13 6 507.7 10 917.5 
1973 5.38 5 655.9 5.63 7 860.1 13 516.0 
1974 7.20 7 278.7 6.60 9 806.7 17 085.4 
1975 9.66 9 183.1 7.30 10 593.9 19 777.0 
1976 14.29 12 452.1 8.03 12 063.3 24 515.5 
1977 19.40 16 098.3 8.65 13 570.4 29 668.7 
1978 25.35 20 138.0 10.23 17 038.9 37 176.9 
1979 37:99 28 877.1 13.08 22 472.3 51 349.4 
1980 56.73 40 841.6 17.67 30 871.4 71 713.1 
1981 68.74 47 842.8 22.88 41 082.8 88 925.7 
1982 83.59 54 285.4 28.76 53 295.5 107 580.9 
1983 91.04 59 886.8 31.92 58 292.1 118 178.9 
1984 90.75 58 145.4 32.46 58 378.1 116 523.5 
1985 83.21 53 960.1 31.35 55 428.3 109 388.4 
1986 83.71 53 131.4 30.68 52 778.0 105 909.4 
1987 78.89 48 424.2 35.11 57 988.6 106 412.8 
1988 82.67 49 013.4 41.60 67 718.3 116 731.6 
1989 80.71 45 235.6 46.10 76 050.7 121 286.4 
1990 84.95 43 359.4 49.41 81 406.1 124 765.6 


Notes: 

The results in this table should be treated as preliminary. 

Includes all exploration and development expenditures and land bonuses; data are time- 
lagged and unit costs are derived from a 5-year average of booked reserve additions; 
unit costs are averaged over 5 years. 
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It appears that the replacement cost method measures 
resource scarcity. It is not, however, a proxy for the meas- 
urement of the value of natural resource wealth which ac- 
counts for capital gains and losses due to price changes 
over time. 


Comparison of Valuation Methods 


Figures 4 and 5 provide a comparison of the estimates 
from the three different valuation methods described 
above. As previously discussed, present values and re- 
placement cost values show similar trends until 1986. The 
net price estimates initially overvalue the reserve stock in 
the late 1980s given the price collapse of 1986 however 
they show a similar trend to present value after 1986. 


Figure 5: Estimates of the Monetary Value of 
Natural Gas Reserves in Alberta, 
1961-1990 


billion dollars 


-20 
$960: se196S=. 1970. 1975 = 1980 1985 1990 


Net Present Replacement 
price value value 


Note: 
The net price is from [1] in Table 3 and the present value is from [2] in Table 2. 


In comparison with the net price approach, the present 
value approach provides a smoother times series since the 
method reduces price volatility by averaging or using actual 
wellhead price in cases [2] and [3] in Table 2, using interest 
rates related to the time period rather than assuming a con- 
stant discount rate such as 10% for the entire 30-year time 
span and averaging or using actual variable (extraction) 
costs in calculations [2] and [3] in Table 2. 
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The advantages and disadvantages of each method 
have been discussed. However, with the net price method, 
the assumption of long-run equilibrium in natural resource 
markets has little empirical support and produces volatile 
values. The selection of the most appropriate valuation 
method for the Canadian National Balance Sheet will re- 
flect the most reliable method of market valuation. The 
present value method conforms most closely to corporate 
financial reporting of the market value of reserves and is 
the preferred method of valuation by national accountants. 
However assumptions about future prices, costs and dis- 
counts have to be made when using this method. 


RECONCILIATION ACCOUNTS 


Table 5 presents both physical and monetary Recon- 
ciliation Accounts for oil and natural gas reserves from 
1961 to 1990. Net price values from Table 3 [1] for oil and 
natural gas are used to construct the monetary accounts in 
Table 5. 


Reconciliation tables show the volume and price 
changes of the assets during the reporting period, in this 
case, one year. The basic formula for the reconciliation ac- 
counts is: 


closing stock = opening stock + net reserve additions 
- reserve depletion + revaluation 


where revaluation reflects the change in net price during 
periods in the monetary accounts only. 


The monetary reconciliation accounts reflect changes 
in the net value of the resource due to changes in physical 
reserves, wellhead prices and operating and capital costs. 
These changes will be reflected in the value of non-pro- 
duced tangible assets in the Balance Sheet Accounts and 
ultimately in national wealth and net worth. 


Statistics Canada - Cat. No. 11-528E 87 


Preliminary Estimates of the Value of Crude Oil and Natural Gas Reserves in Alberta 


Table 5: Reconciliation Tables for Established Reserves of Crude Oil and Natural Gas in Alberta, 1961-1975 


1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 


CRUDE OIL RESERVES 


Physical accounts (millions of cubic metres) 


Opening stocks 525.0 5576 5756 6054 9261 965.7 1074.2 1132.9 12128 12228 1207.9 11736 1126.0 1052.0 1011.5 
Gross additions 57.5 44.0 56.6 348.5 68.8 140.8 95.2 119.8 54.5 36.7 22.1 20.0 9.2 38.5 7.0 

Discoveries ‘lef 2.9 14.6 9.5 28.6 89.1 57.2 62.0 40.5 8.4 14.0 10.8 51 4.3 1.6 

Development and S15 21.8 12.6 88.2 42.6 13.5 ERT 14.8 -44.5 -7.6 8.7 5.6 -6.0 3.3 24 

reevaluation 

Enhanced oil recovery 24.5 19.9 29.2 250.8 -2.4 38.3 22.2 42.9 58.5 36.1 -0.8 14.8 10.2 30.8 3.3 
Depletion 25.1 26.2 26.8 27.9 29.2 32.2 36.6 39.8 44.4 Sile7/ 56.4 67.4 83.3 79.0 67.5 
Net change 32.4 17.8 29.8 320.6 39.6 108.6 58.6 80.0 10.1 -15.0 -34.3 -47.4 -74.1 -40.5 -60.5 
Closing stock 557.6 575.6 6054 9261 965.7 1074.2 11329 12128 12228 12079 11736 11260 10520 10115 950.9 
Unit values (dollars per cubic metre) 
Average wellhead price 1482 1428 1581 1609 1614 1627 1606 1614 1600 1627 17.84 17.92 21.83 3633 45.79 
Production and capital costs 9.10 9.24 10.00 10.28 1085 1149 11.72 11.06 10.74 9.23 9.27 8.07 7.32 9.48 13.12 
Net price 5.72 5.03 5.81 5.81 5.29 4.79 4.34 5.07 5.26 7.05 8.57 985 1451 26.85 32.67 
Monetary accounts (millions of dollars) 
Opening stocks 2106 3189 2897 3519 53881 5107 5145 4921 6155 6431 8510 10061 11094 15262 27078 
Gross additions 329 221 329 2025 364 674 414 608 287 259 189 197 133 1034 229 

Discoveries 10 15 85 55 151 427 248 314 213 59 120 106 74 115 52 

Development and 180 110 73 513 225 65 68 75 -234 -54 75 -55 -87 48 69 

reevaluation 

Enhanced oil recovery 140 100 170 1458 -13 183 96 218 308 255 7 146 148 447 108 
Depletion 144 132 156 162 154 153 159 202 234 364 483 664 1209 1146 2205 
Net change 185 90 173. 1863 209 521 255 406 5S -106 -294 -467 _-1 075 -112 -1977 
Revaluation 896 -383 450 -2 -484 -481 -479 829 224 2184 1845 #41502 5241 12987 5887 
Closing stock 3189 2897 3519 5381 5107 5145 4921 6155 6431 8510 10061 11094 15262 27161 31062 


NATURAL GAS RESERVES 


Physical accounts (billions of cubic metres) 


Opening stocks 8786 879.9 912.1 9282 9920 1057.6 10726 1119.1 1223.6 1273.4 1279.4 12763 1269.1 13966 1486.5 
Gross additions 13.3 49.7 35.8 85.9 89.7 40.6 73.9 134.6 87.5 46.2 45.4 45.2 183.3 147.0 20.8 
Discoveries 9.6 8.9 3.1 UL ine) 24 24.3 15.3 18.6 7.6 4.8 125 7.8 8.6 0.8 
Development and Buz 41.0 32.7 78.7 78.4 38.6 49.6 119.3 68.9 38.7 40.6 32.8 175.6 138.4 20.0 
reevaluation 
Depletion 11.9 17.6 19.6 22.1 24.2 25.5 27.5 30.0 37.8 40.1 48.5 52.4 56.0 57.0 56.6 
Net change 1.4 32.1 16.2 63.8 65.5 15.2 46.4 104.6 49.7 6.2 -3.1 7.4 127.4 90.0 -35.8 
Closing stock 879.9 9121 9282 9920 10576 10726 1119.1 1223.6 1273.4 12794 12763 1269.1 13966 14865 14508 
Unit values (dollars per thousand cubic metres) 
Average composite wellhead 6.08 6.62 8.53 9.14 959 1064 11.80 1234 1048 10.75 9.87 11.01 13.25 23.46 38.93 
price 
Production and capital costs 7.53 6.26 Bis 5.86 6.03 7.19 Thue 8.58 7.86 9.42 912 10.05 1086 1463 18.74 
Net price -1.45 0.37 2.78 3.28 3.56 3.45 4.03 3.77 2.62 1.33 0.74 0.96 2.39 8.83 20.18 
Monetary accounts (millions of dollars) 
Opening stocks -2443  -1280 336 2583 3258 3760 3703 4509 4608 3335 1701 949 #1218 3343 13126 
Gross additions -19 18 100 282 319 140 298 507 229 61 34 43 439 1299 420 
Discoveries -14 3 9 24 40 7 98 58 49 10 4 12 19 76 16 
Development and -5 15 91 258 279 133 200 449 180 51 30 31 420 1222 406 
reevaluation 
Depletion -17 7 54 73 86 88 114 113 99 53 36 50 134 503 pia2 
Net change -2 12 45 210 233 52 187 394 130 8 -2 -7 305 795 -723 
Revaluation 1167 1604 2202 466 268 -109 618 -294 -1404 -1643 -749 275 1820 8994 16872 
Closing stock -1 280 336 2 583 3 258 3 760 3703 4509 4608 3 335 1701 949 1218 3343 13131 29283 
Note: 
Discrepancies are due to rounding and data sources. 
Sources: 


Alberta Energy Resources Conservation Board. 
Statistics Canada, National Accounts and Environment Division. 
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Table 5: Reconciliation Tables for Established Reserves of Crude Oil and Natural Gas in Alberta, 1976-1990 


1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 


CRUDE OIL RESERVES 


Physical accounts (millions of cubic metres) 


Opening stocks 950.9 8713 830.0 7945 760.2 7199 696.0 6494 6578 6407 6485 634.7 6138 5929 5605 
Gross additions -18.6 19.1 24.4 34.3 22.7 32.6 6.9 64.1 42.0 64.0 39.1 33.0 36.7 21.4 3.0 

Discoveries 2.5 48 24.9 19.2 9.0 15.0 16.8 21.4 29.1 32.7 28.6 20.9 far, 17.0 25.0 

Development and 5.9 51 -1.9 10.3 Sil 10.4 -16.5 24.8 -12.0 97 = -14.1 1.6 2.5 -3.4 -25.6 

reevaluation 

Enhanced oil recovery -27.0 9.2 1.4 4.8 8.6 me 6.6 17.9 24.1 21.6 24.6 10.5 16.5 7.8 Bry. 
Depletion 61.0 60.4 60.0 68.5 63.2 56.5 53.6 55.0 59.2 56.2 53.2 53.9 57.2 53.8 53.1 
Net change 796 413 -356 -842 -405 -239 46.7 85 -17.2 78° =14.4 209 -205  -324 -50.1 
Closing stock 871.3 830.0 7945 760.2 7199 696.0 6494 6578 6407 6485 6347 613.8 5929 5605 5105 
Unit values (dollars per cubic metre) 
Average wellhead price 53.73 6440 76.77 8297 97.75 119.36 157.64 201.29 21244 220.07 117.58 145.35 104.92 127.74 150.69 
Production and capital costs 15.90 1611 1894 2061 29.77 4247 5383 5490 6220 73.03 77.550 85.06 8830 100.20 111.58 
Net price 37.83 4828 5783 6236 67.98 7690 103.81 146.40 150.24 147.04 40.08 6029 1662 27.54 39.11 
Monetary accounts (millions of dollars) 
Opening stocks 31062 32960 40073 45944 47406 48936 53521 67415 96300 96258 95353 25440 37004 9856 15438 
Gross additions -704 922 fd 4ilieee e139) Semee543) 21507 716 9384 6310 9410 1567 411989 610 589 117 

Discoveries 95 2327914440) 91 197 Glee 1 154 ee 44es 1034 37204 80S 11460 11260 294 468 978 

Development and 223 246 -110 642 353 554 -1713 3631 -1803 1426 -565 96 42 -94 -1001 

reevaluation 

Enhanced oil recovery -1021 444 81 299 585 800 GES AGA) GR ais 986 633 274 215 145 
Depletion 2308 2916 3470 4272 4296 4345 5564 8140 8894 8264 2132 3250 951 1482 2077 
Net change 3011 -1994 -2059 -2133 -2753 -1838 -4848 1244 -2584 14147 -565 -1 260 -341 -892 -1959 
Revaluation 4909 9107 7924 3601 4270 6422 18732 27656 2527 -2052 -69360 12824 -26801 6474 6484 
Closing stock 32960 40073 45944 47406 48936 53521 6715 96300 96258 95353 25440 37004 9856 15438 19963 


NATURAL GAS RESERVES 


Physical accounts (billions of cubic metres) 


Opening stocks 1450.8 1501.7 15683 1665.2 17184 1747.0 1795.3 1853.1 18262 17984 17683 1720.1 1651.7 1627.7 1649.7 

Gross additions OSHS: = eA GENS) See 924 117.0 1187 39.0 40.5 42.6 21.8 0.0 64.6 107.8 87.8 
Discoveries 6.9 6.6 24.4 16.4 30.0 28.9 ed 10.6 16.3 9.6 es 9.2 8.9 13.9 19.0 28.0 
Development and 98.7 1209 138.9 1068 62.5 88.1 108.4 22.7 30.9 31.1 12.6 -8.9 50.7 88.8 60.0 

reevaluation 

Depletion 54.6 61.0 66.4 70.0 63.8 68.6 60.9 66.0 68.3 72.8 69.9 68.4 88.6 85.8 90.1 

Net change 51.0 66.5 96.9 53.2 28.7 48.4 57.8 -27.0 -27.8 -30.2 -48.1 -68.4 -24.0 22.0 -2.3 

Closing stock 1501.7 15683 1665.2 17184 1747.0 1795.3 1853.1 1826.2 17984 17683 1720.1 1651.7 1627.7 1649.7 1647.4 

Unit values (dollars per thousand cubic metres) 

Average composite wellhead 54.88 6438 66.73 80.98 11766 117.57 146.86 135.55 144.62 139.24 10713 9235 7412 7682 81.59 
price 

Production and capital costs 2475 2678 3125 36.85 55.77 6614 84.37 74.28 7869 75.32 7538 8083 68.12 73.16 75.29 

Net price 30.13 3760 3548 4413 6189 5142 6249 61.27 6593 6392 31.75 11.52 6.00 3.66 6.29 


Monetary accounts (millions of dollars) 


Opening stocks 29283 45250 58963 59090 75827 108122 92319 115805 111886 118566 113028 54618 19030 9 767 6 041 
Gross additions 3 182 4797 5 795 5 436 5719 6 016 7418 2 389 2670 2723 692 0 388 395 553 
Discoveries 208 248 866 724 1 857 1 486 662 999 633 735 292 103 83 70 176 
Development and 2974 4546 4 928 4713 3 868 4 530 6 755 1391 2 037 1 988 400 -103 304 325 376 
reevaluation 
Depletion 1645 2294 2356 3089 3955 3527 3806 4044 4503 4653 2220 788 532 314 567 
Net change 1537 2504 3439 2347 1764 2 489 3612 -1654 -1833 -1930 -1527 -788 -144 81 -14 
Revaluation 14433 11209 -3312 14390 30525 -18286 19873 -2271 8513 -3614 -56879 -34 801 -9119 -3 806 4342 
Closing stock 45250 58963 59090 75827 108122 92319 115805 111886 118566 113028 54618 19030 9 767 6041 10368 
Note: 
Discrepancies are due to rounding and data sources. 
Sources: 


Alberta Energy Resources Conservation Board. 
Statistics Canada, National Accounts and Environment Division. 


Environmental Perspectives 1993 Statistics Canada - Cat. No. 11-528E 89 


Preliminary Estimates of the Value of Crude Oil and Natural Gas Reserves in Alberta 


Cee —————————————E 


Table 6: Value of Petroleum Royalties and Land 
Costs Paid to the Alberta Government, 


1961-1990 
Year Royalties Land costs Total 
millions of dollars 
1961 55.0 85.4 140.4 
1962 66.0 81.8 147.8 
1963 73.0 89.8 162.8 
1964 80.0 131.8 211.8 
1965 79.2 193.7 272.8 
1966 91.7 171.2 262.9 
1967 107.4 161.2 269.0 
1968 125.6 166.2 291.7 
1969 136.3 181.1 317.3 
1970 154.0 117.6 271.6 
1971 190.4 126.2 316.6 
1972 226.0 125.6 351.6 
1973 422.6 145.4 568.0 
1974 1107.2 158.6 1 265.8 
1975 1477.7 209.9 1 687.6 
1976 2 087.6 256.0 2 343.6 
1977 2 398.9 682.1 3 080.9 
1978 3 054.9 749.3 3 804.2 
1979 3 623.3 1 153.0 4776.3 
1980 3 920.3 1 229.6 5 149.9 
1981 4 496.7 736.1 5 232.8 
1982 5 098.1 465.6 5 563.7 
1983 5 467.2 565.1 6 032.3 
1984 5 958.1 790.3 6 748.3 
1985 5 843.3 1021.1 6 864.4 
1986 3 205.0 447.3 3 652.3 
1987 2 634.7 841.1 3 475.8 
1988 2 456.9 676.5 3 133.4 
1989 2 559.0 551.7 3 110.7 
1990 3 085.0 614.2 3 699.2 


Source: 
Statistics Canada, The Crude Petroleum and Natural Gas Industry, Catalogue 26-213 
(various years). 


Table 6 provides the value of royalties and land costs 
paid to the Alberta government from 1961 to 1990. The 
data demonstrate that the extraction of oil and natural gas 
generates significant amounts of revenue to the Alberta 
government. As suggested earlier, land costs represent an 
ex ante rent and royalties are ex post. With the decline in 
the value of rent from oil and gas reserves due to declining 
reserve stocks and prices, and increasing operating and 
capital costs, one can observe how potential income to 
government could also decrease. 


SUMMARY 


This study has examined the treatment of a non-re- 
newable resource, oil and natural gas reserves in Alberta, 
in the national accounts. Natural resources have long been 
regarded as free gifts of nature by economists. The as- 
sumption that our natural resources are in infinite supply 
with a zero supply price is being reconsidered in national 


90 Statistics Canada - Cat. No. 11-528E 


accounting. Since balance sheets measure national 
wealth, Canada’s wealth is currently not being estimated 
correctly by including only man-made assets and excluding 
non-renewable and renewable resource stocks. 


Physical accounts are necessary in order to describe 
the interrelationship between the environment and the 
economy. These accounts not only show the short-term ex- 
ploitation of natural resources but also show the remaining 
stocks available for primary inputs to economic activity. 
The physical quantities are required in order to determine 
the monetary value of the remaining stock. 


The focus of this study has been to determine an ap- 
propriate method of natural resource valuation. While the 
development of the physical accounts is based on the defi- 
nition of established reserves, the monetary accounts re- 
quire further evaluation in order to incorporate monetary 
values into the Canadian National Balance Sheet. The 
present value and the net price approaches seem to con- 
form most closely to the development of wealth accounts. 
These approaches allow the value of man-made capital 
employed by the industry to be separated from the value of 
natural resource itself and identify capital gains and losses 
due to price changes. This is not the case for the replace- 
ment cost approach. While the present value approach is 
favoured by national accountants, in general and is used in 
corporate financial reporting, it is limited by the assump- 
tions required. 


Oil and natural gas reserves are assets and are com- 
ponents of the national wealth. By extending the definition 
of capital to cover both man-made and natural capital, a 
balance sheet presentation shows to what extent natural 
resource depletion is offset by the addition of man-made 
and natural capital. If future income and consumption are 
based on the level of capital stocks, it is important to in- 
clude the value of the stock of natural resources as well as 
the value of the man-made capital in the Canadian Nation- 
al Balance Sheet Accounts in order to show whether or not 
we have sustainable growth and development. 


By including the value of natural resources as a non- 
produced asset and the value of man-made capital in the 
Canadian Balance Sheet Accounts, one has a more com- 
plete picture of Canada’s wealth. One can determine 
whether or not we are creating wealth while depleting our 
natural resource base or consuming the revenue generat- 
ed from natural resource extraction. Incorporating the val- 
ue of oil and natural gas reserve stocks into the Balance 
Sheet Accounts will be the next stage of this project. 
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Preface 


Environmental Perspectives: Studies and Statistics is 
devoted to disseminating the results of analytical projects 
and development of data detailing the relationship between 
the environment and the economy. This publication ap- 
pears annually between issues of the quinquennial Human 
Activity and the Environment, which was last published in 
1994. 


Whereas Human Activity and the Environment is a com- 
prehensive compendium of environmental-economic data, 
this publication presents a selection of data and analysis 
that reflect the current environmental statistics program at 
Statistics Canada. 


The first chapter in this edition provides an overview of the 
three main directions of work in Statistics Canada’s environ- 
mental statistics program: Environmental Information Sys- 
tems, Environmental Surveys and Environmental Accounts. 
The remainder of the publication is organized according to 
these three themes. 


Environmental Information Systems 


¢ Chapter 2 provides an example of how the environ- 
mental information system was used to measure the 
impact of changing socio-economic trends on a select- 
ed geographic ecosystem: the Waterton Lakes Nation- 
al Park. 


Environmental Surveys 


¢ Chapter 3 highlights some results from the 1993 Local 
Government Waste Management Survey. 


Environmental Accounts 


e Natural resource stock accounts: |n Chapters 4 and 5 
the joint pilot projects between the Ontario Ministry of 
Natural Resources and Statistics Canada on the quan- 
tification and valuation of timber stocks for the prov- 
ince of Ontario are described. Chapter 6 assesses 
Canada’s endowment of coal, by province, in both 
physical and value terms. 


¢ Natural resource use accounts: Chapter 7 presents 
the development of a resource use account for water 
which follows the Canadian Input-Output Account 
model. 


¢ Waste output accounts: Chapter 8 presents carbon di- 
oxide emissions for 1981-1990 based on the Canadi- 
Input-Output Account model.This work demonstrates 
how waste output data are linked to economic activity. 


Environmental Perspectives 


Preface 


¢ Environmental protection expenditure accounts: 
Chapter 9 presents environmental protection expendi- 
tures made by each of the levels of government in 
Canada. 


Finally an annex provides a set of broad economic, social 
and environmental statistics for Canada’s provinces and 
territories. 


Acknowledgements 


This publication was prepared by the Environmental Statis- 
tics sub-division of the National Accounts and Environment 
Division under the direction of Philip Smith, Director and 
Cynthia Baumgarten, Assistant Director. The editor was 
Rick Moll. 


The authors were: 


Alice Born 

Murray Cameron 
Christine de Boer 
Véronique Dumas 
Susan Ecclestone 
Gerry Gravel 
Tony Johnson 
Anik Lacroix 

Greg Lawrance 
Rick Moll 

Marcia Santiago 
Philip Smith 
Robert Smith 
Doug Trant 
Héléne Trépanier 
Kevin Van Tighem 


Dale Austin, Tracey Bushnik, Phillip Fong, Jeff Fritzsche, 
Joe Filoso, Craig Gaston, Julie McAuley and Debbie Mac- 
Donald all provided valuable technical help and/or editorial 
advice. The French translations were edited by Pierre Gag- 
non, Tara Gray, Jocelyn Lapierre, Anik Lacroix and Hélene 
Trépanier. The marketing and technical assistance of Mitzi 
Ross and Susie Boyd is also acknowledged. 


Statistics Canada - Cat. No. 11-528E, No. 2 V 


pow age ta vary ifrmteneioc ene 
1%, ers cep ey A ice Ae ef ie fey Oar: 
eee ed thea 


Pe 
we ' * re sh oF re re irl 
ei 7 j 7 e my ei au a ie 

7* ihe 

i ghar ah 

we a . 4 re fitecniding; pet? 

ay : r a) ails caer eee 


by rt oh juts Wat % late oiy SFY We olen an) 


te oom oohlagenae eines 
Sep v att 
4 Sirs 
war oer al 
eu 
5 wf 
ihe ee 
bgiv @a* 
attel. ere 
= 7 : 
ww v - 
* attr 
WE Unf 3 espe 
Aime giv) 
Ate? I 
put? ¢ 
ane sit eave 
=iipe’ SY cine? a 
. | - 
( é % ave wurg E Sie rape wal] 
4 “te © 1) ea? O20 ot 
mos lar .a@ valley heyy wien. 
= ~~ : yee U fexeeri Len oie 
wale erArig.! -yenat. pense al ain 
3 + 2 iriaed tae teeta etl TLS | 
; Yty ve Oe ow yest wine oe ear 
i a (aaa 
a 
: ef 


HOH & A tnecwyeaerril — 
aie circ: Riles hi 

porte brs Mat lo Hellen @ | secon 

Nes armigeaet ee Ratrearrw reas a hadhe: 


ule 3 Weed Ne: Reese peor 
paved ee Sees eae ee 
a2 neateracins teneraniggans = 
sien aware ' S re 
3 pline2is heranemnp & Ap 
airedteye m aan 


a 

a'r 0 won lo staring? ia 
etl musGe Gf DG2y teow if 
“tones iy TS eter Simeotite 
wie eats! nonce’ ott: 


1 Statistics Canada’s 
Environmental 
Statistics Program 


by Philip Smith" 


Introduction 


Resource depletion and environmental degradation are 
widely recognized today to be serious and growing prob- 
lems. To understand and address these problems, govern- 
ments and citizens need good environmental statistics. Yet 
the world’s statistical systems, developed mostly this centu- 
ry, were not designed with this requirement in mind. They 
were set up primarily to provide information about human 
population and socio-economic development rather than 
about the environment - although these fields are certainly 
quite intimately related. Only within the last decade or two, 
as environmental issues have taken on more prominence, 
have statistical agencies started to reorient their focus. 


The term ‘environmental statistics’ encompasses a vast 
breadth of subjects. It refers, firstly, to quantitative informa- 
tion about the physical environment: pollutant concentra- 
tions in air, water and soil, the size and character of forest, 
fish, wildlife and mineral stocks and the extent of biodiversi- 
ty. But it also applies to economic, or value data: expendi- 
tures by businesses, households and governments for 
pollution abatement and control facilities and equipment, 
spill cleanup costs, land, lumber, fish and mineral market 
values and so on. Moreover, the phrase can refer to a vari- 
ety of other related socio-economic data: on modes of 
transport, energy intensities, recycling behaviour, the extent 
of fertilizer and pesticide usage, cancer incidence and so 
on. Time series data provide information about changes re- 
lated to the environment while spatial data shed light on the 
geographical distribution of environmental assets and prob- 
lems. Environmental statistics provide us with an evolving 
picture of the physical world we live in and connect the main 
elements in that picture to the everyday actions of humanity. 


In Canada, environmental data are collected by several fed- 
eral, provincial and municipal government departments. 
The ministries of forestry, fisheries, energy, mines, agricul- 
ture, health, transportation, industry and, of course, envi- 


. The author is Director of the National Accounts and Environment Division 
at Statistics Canada. A version of this paper was presented at the 1994 
joint statistical association meetings, in a session entitled “Environmental 
Assessments in the NAFTA Era’, on August 15, 1994. 
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ronment all have monitoring and regulatory responsibilities 
that relate partly to the environment and that, of necessity, 
involve the gathering of environmental information. Statis- 
tics Canada also collects environmental data through its 
survey activities, and, equally importantly, it has responsi- 
bility for assembling data from other departments in the 
form of integrated environmental statistics.* 


This chapter describes Statistics Canada’s environmental 
statistics program. It begins with a short history of the pro- 
gram’s evolution over the last two decades. Then the main 
elements of the current program - surveys, administrative 
data and environmental accounts - are discussed. This 
chapter concludes with some thoughts about future direc- 
tions for the program. 


History of the environmental 
statistics program 


The raison d’étre of Statistics Canada’s environmental sta- 
tistics program is to compile and publish integrated statisti- 
cal information about the state of Canada’s natural 
environment and the manner in which it affects and is affect- 
ed by human activities. Environmental statistics are derived 
in four ways: 


* by recasting existing household and business survey 
information, collected for other purposes, in a manner 
that makes it more useful for the analysis of environ- 
mental issues; 


¢ by launching new surveys directly addressing ques- 
tions that are of interest from an environmental per- 
spective; 


by exploiting administrative and regulatory databases 
maintained by federal, provincial and municipal gov- 
ernment departments as part of their normal responsi- 
bilities; and 


* by constructing new time series estimates through the 
application of scientific and technical coefficients to 
socio-economic data. 


During the initial years of the program, in the mid 1970s, ef- 
forts concentrated on the first of these approaches: making 


2. Article 3 of the Statistics Act, legislated in 1918 and amended several 
times since, establishes Statistics Canada: 

a) to collect, compile, analyze, abstract and publish statistical information 
relating to the commercial, industrial, financial, social, economic and gen- 
eral activities and condition of the people; 

b) to collaborate with departments of government in the collection, compila- 
tion and publication of statistical information, including statistics derived 
from the activities of those departments; 

c) to take the census of population of Canada and the census of agriculture 
of Canada; 

d) to promote the avoidance of duplication in the information collected by 
departments of government; and 

e) generally, to promote and develop integrated social and economic statis- 
tics pertaining to the whole of Canada and to each of the provinces 
thereof and to coordinate plans for the integration of those statistics. 
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use of existing survey data to shed light on how human ac- 
tivities exert stress on natural ecosystems. The results of 
this early work were published in March 1978 in a new com- 
pendium called Human Activity and the Environment 
(Statistics Canada Cat. No. 11-509E). 


A new geographical framework based on watersheds (or 
drainage basins)! was adopted in this publication. By reor- 
ganizing existing data within watershed regions instead of 
the more usual census enumeration areas or political 
boundaries of provinces and municipalities, the information 
could be seen in quite a different light. Watershed bounda- 
ries, defined by the Water Survey of Canada Division of En- 
vironment Canada, are coded and transferred to the 
National Topographic System maps used by Statistics Can- 
ada. Census data are then aggregated by including, in each 
drainage region, the data for all census enumeration areas 
for which the population centroid (essentially a centre of 
gravity concept) lies within the watershed boundary. Simi- 
larly, manufacturing data from the survey of manufacturing 
establishments are allocated to watersheds based on the 
Standard Geographical Code of the municipality in which 
the establishment is located. 


This first edition of Human Activity and the Environment 
presented a collection of statistics on population, agricul- 
ture, forests, fisheries, transportation, manufacturing and 
energy. A variety of relevant time series were brought to- 
gether in an environmental database and much of the infor- 
mation was displayed by watershed, although in certain 
cases, particularly where geographical detail was unavaila- 
ble, data were presented at the all-Canada level only. In- 
dustrial activities were reclassified according to the degree 
of stress they exert on the environment: 


¢ High stressor industries were those associated with 
the initial stages of manufacturing, characterized by 
large-scale bulk refinement and concentration 
processing of raw materials drawn from the environ- 
ment. These industries typically require high-energy 
input per unit of output and are often identified as the 
high polluters. 


e Medium stressor industries were largely those associ- 
ated with the second level of processing where materi- 
als undergo a transformation for specialized purposes 
required for the next and final stage of production, al- 
though some finished-goods manufacturing is includ- 
ed as well where special polluting problems exist. 


1. Watersheds are the heights of land which divide drainage basins, river 
basins or valleys, which in turn refer to surface drainage catchment 
areas. For example, a mountain range can form a drainage basin bound- 
ary separating two catchment areas. Drainage basins form a hierarchy, 
with five major basins at the top, draining into the Atlantic Ocean, Hudson 
Bay, the Arctic Ocean, the Pacific Ocean and the Gulf of Mexico. Beneath 
these five basins are 218 sub-drainage basins and 917 sub-sub-drainage 
basins. This geographical framework is useful for environmental analyses 
because water is vital for all life and flowing water conducts pollutants 
between ecosystems. 
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¢ Low stressor industries were mostly those that pro- 
duce final goods, with processes distinguished by rela- 
tively low material and energy inputs and high labour 
inputs per unit of output. In terms of process activity, 
they tend to fall under the headings of assembly, con- 
struction or packaging. 


The environmental statistics program moved in some new 
directions during the early and mid-1980s. For one thing, 
several new administrative data sources were explored and 
developed, beyond the Statistics Canada survey sources 
already being used. For another, there was a perceived 
need for an improved organizing framework for environ- 
mental statistics, which led to the development of the 
“Stress-Response Environmental Statistical System” 
(STRESS). This framework recognizes three main ele- 
ments: (1) stresses imposed on the environment by human 
actions and events in nature, (2) responses by the environ- 
ment to these stresses, and (3) actions by people to modify 
the character and intensity of the stresses that their activi- 
ties exert on the environment. The system is summarized in 
Table 1.1. 


The second edition of Human Activity and the Environ- 
ment, issued in March 1986, was organized around the 
STRESS framework, with chapters on population, harvest- 
ing, extraction and depletion of non-renewable resources, 
environmental restructuring, the generation of waste prod- 
ucts, the responses of biological species to environmental 
stress, and collective and individual human responses. The 
statistical information it provided was greatly expanded 
compared to the first edition. 


Tabulations were arrayed by watershed, as in the first edi- 
tion, and also by ecozone® and by province. Statistics were 
also included on the physiography and climate of Canada 
and on major geophysical and meteorological events affect- 
ing the environment. The chapter on the generation of 
waste products was the largest and most ambitious, dealing 
separately with mining, manufacturing, thermal energy gen- 
eration, transportation activity, household consumption and 
municipal waste. It drew upon a wide range of Statistics 
Canada data sources including the censuses of mines and 
manufactures, the surveys of electrical power and industrial 
consumption of energy, a wide variety of transportation sur- 
vey data and population census data. Several databases 
from Environment Canada were also utilized, including 
most of those listed in Text Box 1.1. Other chapters present- 
ed information from Canada’s Forest Inventory (established 
by the Canadian Forest Service), the census of agriculture, 
the survey of fertilizer trade, statistical databases main- 


2. See Friend and Rapport, 1979 and Friend, 1981. 

3. Ecozones are natural regions delineated by distinctive sets of biotic 
resources (flora and fauna) and physical resources (soils, bedrock, phys- 
iography, climate). They constitute fairly homogeneous geographical 
spaces that are useful for monitoring the impact of natural and human 
stresses on the environment. At the highest level, there are 15 ecozones. 
Beneath these are 47 ecoprovinces, divided into 177 ecoregions, divided 
into 5,395 ecodistricts. Ecozones, like drainage basins, transcend 
national boundaries and there is a need for better international standards 
in this area. 
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Table 1.1 
The STRESS Organizational Framework 


Stresses on the environment 


Stressor Activity categories Activity statistics Environmental 
categories stress statistics 


Geophysical and 
meteorological events 


Environmental response 
statistics 


Human response 
statistics 


Changes in air, water, soil 
characteristics 


Natural source Floods, storms, Rates of erosion, Environmental 


stresses earthquakes landscape change restructuring 
Bndiprocesses Changes in biotic state 
Agriculture Conservation 
F Pane ehangssiUmolc sta Changes in methods of 
Harvesting Forestry Production including population size, fafa harvesting 
pdeesep Depletion of stocks regenerative capability : 
Legislation, fish quotas 
Extraction and Metals and non- Depletion of Sele tele on a Pak acts 
depletion of non- metallic minerals Extracti resources ae P F 
ction indirectly from wastes and Conservation 


renewable 
resources 


restructuring associated with 


Substitution use of substitutes 


Fossil fuels 


Land conversion Construction of 


homes, dams, 
reservoirs, railways, 
highways 


Changes in air, water, soil 
characteristics 


Changes in rate and 
location of land 
conversions 


Restructuring water 
systems 


Land converted, 
changed in character 


Environmental 


restructuring Changes in biotic state 


including species diversity, 
population size (due to 
habitat change) 


Land use legislation 


Transport networks 


Exploration for 
resources 


Resource development Park creation 


Pollution abatement 
through process 
change, activity 
termination 


Changes in air, water, soil 
characteristics 


Production Waste generated 


Minin 
Manufacturing 
Energy generation 
Transportation 


Households 


Emissions of wastes 
to air, water, soil 


Changes in biotic state 
including species diversity, 
population size 


Generation of 


waste residuals Consumption 


Legislation 


Vehicle movements 


Disposal of toxics 


Human health effects Conservation 


tained by the international fisheries commissions and Fish- The year 1986 also marked the publication of the first State 
eries and Oceans Canada, the International Commission of the Environment Report for Canada, a joint effort by 
on Large Dams, the Canadian Wildlife Service and the Na- Statistics Canada and Environment Canada.! This volume 
tional Museums of Canada. provided a comprehensive and wide-ranging assessment of 


the condition of Canada’s farmlands, forests, waters, wild- 
Text Box 1.1 life and other natural resources and of the implications of 

3 é changes in those conditions for Canadians. It adopted the 
Environment Canada Databases ecozones framework and made considerable use of the sta- 


pees Fave averiey Ce) tistical information presented in Human Activity and the 
Hydrometric Database (HYDAT) 


Environment. 
industrial Water Use Survey (INSURVS) database 
Municipal Water Use Database (MUD) In the late 1980s, Statistics Canada announced the estab- 
Municipal Waterworks and Wastewater Database (MUNDAT) lishment of a new spatially referenced database known as 
National Air Pollution Surveillance (NAPS) database the Environmental Information System (EIS). Structured as 
National Analysis of Trends in Emergencies (NATES) database a geographical information system, this database contains 


National Emissions Inventory System (NEIS) database 
National Inventory of Hazardous and Toxic Wastes (NIHTW) database 


socio-economic and biophysical microdata from the cen- 


National Pollutant Flelonce Inventory (UPA) databace suses of population and agriculture, from the surveys of 


National Water Quality Database (NAQUADAT) 
Ocean Dumping Permit (ODUMP) contro! database 1. The working relationship between Statistics Canada and the federal and 
Park Use Related Data System (PURDS) database provincial environment departments has grown stronger through the 
Residual Discharge Inventory System (RDIS) database 1980s and into the 1990s. Statistics Canada contributed substantially to 
: : the most recent State of the Environment Report for Canada, issued 
Regulated industries databases (pulp & paper, non-ferrous foundries, ferrous P : : : 
foundries, petroleum refining, mines) by Government of Canada in 1991 and has assisted with the preparation 
of several provincial reports as well, Statistics Canada has also worked 
closely with the Canadian Council of Ministers of the Environment 
(CCME) on a number of environmental statistics projects. 
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manufacturing and mining and from a number of other 
sources. The EIS can be used to analyze, through mapping 
techniques and cross-tabulations, environmental problems 
on various scales ranging from national issues to local wa- 
tershed concerns. Aggregations are easily accomplished 
for studies relating to particular river basins, ecoregions or 
urban areas. Since in most cases comparable data are 
available for all of the census years 1971, 1976, 1981, 1986 
and 1991, the database can answer questions about 
changes over time as well as about spatial dispersion. 
Some examples of EIS applications have been an analysis 
of the impact of creeping urbanization on the Jock River val- 
ley near Ottawa, a study of land use change around Riding 
Mountain National Park in Manitoba and an assessment of 
population exposure to air pollutants in metropolitan Toron- 
to. Custom tabulations from this database, sufficiently ag- 
gregated to protect respondent confidentiality, are available 
to the general public. ! 


The third edition of Human Activity and the Environment 
was published in September 1991. It updated the statistics 
presented in the previous edition with data from the 1986 
census and introduced some new tables to address emerg- 
ing environmental issues, notably greenhouse gas emis- 
sions and the spread of the zebra mussel in the Great 
Lakes. The stress analysis that had been applied to manu- 
facturing industries in previous editions of the book was ex- 
tended and improved upon considerably, using an input- 
output approach. In addition, the STRESS framework, used 
in the 1986 edition, was revamped and renamed the Popu- 


1. Selected data from the EIS are also available on E-Stat, Statistics Can- 


ada’s CD-ROM product for use by schools. 


Figure 1.1 
The PEP Organizational Framework 


lation-Environment-Process (PEP) framework. It is illustrat- 
ed in Figure 1.1. 


In the PEP framework, the key elements are the population, 
the socio-economic system and the natural environment. 
Each element is characterized by stocks (or states, repre- 
sented by barrels), processes (or activities, represented by 
boxes) and interactions with other components (flows or re- 
structuring, represented by arrows). There are four state 
variables in the system: the population, the produced capi- 
tal stock, natural assets (the non-produced capital stock) 
and the stock of waste products. Three kinds of processes 
involve and affect these state variables: population proc- 
esses (birth, death, migration), socio-economic processes 
(production and consumption) and natural processes 
(storms, earthquakes, photosynthesis). Finally, interactions 
occur among the states and processes in the form of flows 
(ground water withdrawals, harvest of forests, sport fishing) 
and restructuring (the impact of human visits to wilderness 
areas, agricultural development, dam-building). 


More recently, there have been further additions and im- 
provements to the program. An annual publication? entitled 
Environmental Perspectives: Studies and Statistics 
(Statistics Canada Cat. No. 11-528E) made its début in 
March 1993. It contained a set of thirteen articles reviewing 
recent survey and analytical work at Statistics Canada in 
the general area of environmental statistics.° 


2. Human Activity and the Environment is normally published at five year 
intervals, following the quinquennial census, and Environmental Per- 
spectives will be published in the four intervening years. 

3. It is planned that in future years Environmental Perspectives will also 
contain a varied collection of environmental time series indicators. 


Population processes 


Goods and services 


Resources and services 
Restructuring 


Restructuring <a 


Economic 4) )——___—__ 
processes | <————__—— Natural assets 


Resources & services 


Capital stock Natural 


Leakage 


Waste [wasetow 


Recycling 
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The fourth edition of Human Activity and the Environ- 
ment was published in June 1994, containing fresh data 
from the 1991 census. The PEP framework continues to 
provide the organizing structure for the book. Results from 
several pilot surveys designed to fill important environmen- 
tal data gaps are also included and there are new chapters 
outlining recent work in the area of environmental account- 
ing and providing international and interprovincial compari- 
sons. 


While new survey work has been severely constrained by 
tight budgets, substantial progress is being made, as will be 
discussed in the next section. Renewed attention is also be- 
ing focused on the exploitation of administrative data sourc- 
es, as will be explained in the subsequent section. In 
addition, the environmental statistics program was expand- 
ed significantly in 1991 when the government gave Statis- 
tics Canada a new mandate to develop a comprehensive 
set of environmental accounts, as a satellite to the existing 
Canadian System of National Accounts. This recent devel- 
opment will be reviewed in the last major section of this 
chapter. 


Surveys 


Statistics Canada is mandated to conduct surveys of Cana- 
dian households, businesses and governments, | and to re- 
port continuously to the general public on the results. The 
survey program includes comprehensive censuses of pop- 
ulation and agriculture, carried out every five years. In addi- 
tion, there are annual, quarterly and monthly surveys of 
manufacturing, mining, agriculture, construction, transpor- 
tation, finance, and other industries; of prices; of employ- 
ment and earnings; of the labour force status of the 
population; of social conditions, including health, welfare 
and justice matters; and of education, culture and tourism. 
Surveys on other special topics are also conducted from 
time to time. 


Few of the surveys conducted by Statistics Canada have an 
explicitly environmental focus, yet many provide information 
that is quite valuable for environmental analyses. The cen- 
sus of population shows where the environmental stresses 
associated with urban growth are being most keenly felt. 
The census of agriculture yields important data about land 
use change, and about pesticide and fertilizer usage, that, 
organized by watershed or by ecozone, can be associated 
with changes in water quality and human health. Other so- 
cial and economic surveys on family expenditures, trans- 
portation, trade, industrial production, health and a host of 
other subjects are also relevant. 


In the past few years, Statistics Canada has put increasing 
emphasis on the development of new surveys to fill key en- 
vironmental data gaps. Surveys have been conducted in 
five areas:2 


1. There are roughly 10 000 000 households, 1500 000 businesses and 
5 000 governments in Canada. 
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1. Households and the environmen® 


In this survey, households are asked about their access to 
and usage of recycling, special waste disposal programs, 
disposable diapers, lawn and garden pesticides and fertiliz- 
ers, programmable thermostats, energy-efficient lighting, 
low-flow shower heads, water purifiers, bottled water, and 
public transit. The survey is conducted as an adjunct to the 
labour force survey. 


2. Pollution abatement and control expenditures by busi- 
ness and government’ 


The purpose of this survey is to gather information from 
businesses and government departments about annual 
capital and operating expenditures on pollution abatement 
and control (PAC) facilities and equipment. PAC expendi- 
tures are defined as outlays for retrofit construction and/or 
machinery, meaning facilities or equipment that are sepa- 
rately identifiable, that have been installed for PAC purpos- 
es and that are not an integral part of the plant production 
equipment. The survey also seeks information about quan- 
tities of major substances abated or controlled and about 
sales and own use of PAC-recovered materials. 


3. Private sector waste management industry” 


This survey gathers data pertaining to the operating reve- 
nues, expenses, employment, capital expenditure and ton- 
nage of waste material processed by business 
establishments engaged in the collection, haulage, disposal 
and/or recycling of waste products. 


4. Municipal government waste management practices® 


In this survey, municipalities of all types are questioned 
about their practices and associated costs with respect to 
the collection, transportation and disposal of garbage, recy- 
cling and the handling of hazardous waste. The survey is 
paired with the private sector waste management industry 
survey, as some municipalities contract out for waste man- 
agement services while others provide the services directly. 


5. Packaging’ 


The national packaging survey collects information from 
business establishments in all major industries on their use, 
reuse, recycling and disposal of industrial packaging. Some 
32 packaging categories are defined in the survey, span- 
ning six broad groups of materials: plastic, wood, textiles, 
glass, metal and multi-material packaging. 


These surveys are pilot efforts. The first has been done 
three times, the fourth and fifth have each been conducted 
twice and the other two, only once. Means are being sought 


2. Two other environmental surveys, Water Use in Canadian Industry and 
The Importance of Wildlife to Canadians, have been conducted by 
Statistics Canada several times over the past two decades, under the 
sponsorship of Environment Canada. 

Statistics Canada, 1994. 

Statistics Canada, 1992a. 

Statistics Canada, 1992c. 

Statistics Canada, 1993a, p. 69-74. 

Statistics Canada, 1993a, p. 63-66. 
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to establish them all on a regular basis so that time series 
can be developed. 


There are many other areas where more survey information 
is required. One is waste products, where better time series 
data are needed on emissions, by type of material, by in- 
dustry. The National Pollutant Release Inventory (NPRI) 
survey, being developed by Environment Canada, is ex- 
pected to fill part but not all of this data gap. Improved infor- 
mation about garbage generation, by type of material, by 
municipality is also needed. More regular and complete sur- 
vey data are required as well in the area of environmental 
expenditures, on both the demand and the supply sides. 
There is increasing policy interest in the characteristics of 
the ‘industry’ that supplies the market for pollution abate- 
ment and control facilities and equipment.' Wildlife is yet 
another area where good data are lacking, although many 
of the requirements here can only be satisfied by scientific 
inquiries, rather than business and household surveys. 


Administrative data 


Statistics Canada draws a lot of statistical information from 
administrative data sources. Customs data, income and 
sales tax records, public accounts and regulatory data all 
yield detailed information with relatively high quality and 
high frequency, coupled with relatively low marginal acqui- 
sition cost and no marginal response burden. Under- the 
Statistics Act, the Bureau has the responsibility and the au- 
thority to access these data sources and to produce and 
publish statistical series from them.? 


Regulatory data from Environment Canada are a very im- 
portant source of environmental information. As was noted 
previously, Human Activity and the Environment in- 
cludes a wide range of statistics drawn from the MUNDAT, 
NAPS, NATES and NAQUADAT regulatory databases and 
some others. Statistics Canada also makes use of adminis- 
trative data from the Canadian Forestry Service, Fisheries 
and Oceans Canada, the Canada Centre for Remote Sens- 
ing and several other agencies. 


Still, there is an enormous wealth of environmental informa- 
tion remaining in administrative databases that has not yet 
been brought to light and exploited. Finding and extracting 
this information is not a simple task, since the datasets are 
widely dispersed within and among government depart- 
ments and since they are stored in a wide variety of often 
poorly documented formats, using differing concepts. 


—* 


. The ‘environmental industry’ is actually a rather ill-defined mixture of 
industries from the Standard Industrial Classification (SIC), each of which 
produces goods or services having an environmental character. In this 
respect it is analogous to the ‘tourism industry’. There is no ‘environmen- 
tal industry’ as such in the SIC. However, at the time of the next SIC revi- 
sion, planned for 1997, new and growing industries of particular interest 
from an environmental perspective will be more fully and carefully deline- 
ated. 

2. Statistics Canada is required under the law to protect the confidentially of 

individual records vigilantly, by aggregating the information sufficiently. 
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Substantial progress has been made recently in identifying 
these databases and exploring their potential. Statistics 
Canada has conducted two exhaustive searches, one of 
federal government departments and another of provincial 
government departments, to catalogue administrative data- 
bases relevant for environmental monitoring and analysis. 
The results of these searches are published in two volumes, 
Databases for Environmental Analysis: Government of 
Canada (Statistics Canada Cat. No. 11-527E) and Data- 
bases for Environmental Analysis: Provincial and Ter- 
ritorial Governments (Statistics Canada Cat. No. 
11-529E). These ‘meta’ databases contain characteristic in- 
formation about each database: a description of the con- 
tents and purpose, the name and address of contact 
persons, the geographical coverage, the data acquisition 
method, the update frequency, the period for which data are 
available, the database hardware and software configura- 
tion, the output formats, the language(s) used, any restric- 
tions on access and pricing information. These two 
‘databases of databases’ are being maintained in electronic 
form, which facilitates rapid keyword searching, and they 
will be updated periodically in the future. They point to many 
rich lodes from which new statistical series can be devel- 
oped. 


Environmental accounts 


About four years ago, Statistics Canada was asked by the 
Government of Canada to begin work on a new system of 
natural resource and environmental accounts, to be devel- 
oped as a Satellite to the existing Canadian national ac- 
counts. Funds were provided for the project as part of a 
broad government policy initiative, referred to as Canada’s 
Green Plan.? Given the size and diversity of Canada and its 
resource base, the job of developing this new body of sta- 
tistics is a very large one. It is anticipated that the work to 
develop the new accounts will take several years. 


The project is moving ahead on schedule.* So far, 


particular effort has been concentrated on developing 
natural resource accounts, for both renewable and non- 
renewable resources. First priority has been given to oil 
and gas reserves and timber assets, two of Canada’s most 
important natural resources. Some exploratory work also 
has been done on reserves of metal ores and other 
minerals, on land accounts and on wildlife accounts. 
Pollution and waste statistics and their linkage to economic 
activity have also received some attention, particularly in 


3. See Government of Canada, 1990. The Green Plan is a comprehensive, 
multi-year government policy initiative involving actions in the areas of 
human health protection, water care and restoration, smog and other 
waste reduction, sustainable development of forest, agriculture and fish- 
ery resources, protection of unique ecological areas and wildlife, the 
reduction of global warming pressures, improved handling of environ- 
mental emergencies and provision of more complete public information 
about Canada’s environment. 

4. For a more detailed outline of the progress to date on the environmental 
accounting project, see Smith, 1994. 
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the area of greenhouse gas emissions. Resource use 
accounts for energy, water and some other materials are 
under development and a comprehensive set of 
environmental protection expenditure accounts is planned. 


The environmental component will be a satellite’ of the ex- 
isting Canadian national accounts with four distinct compo- 
nents: 


¢ natural resource stock accounts, recording the known 
size and composition of Canada’s natural resource as- 
sets as they evolve over time, in both physical and 
monetary terms; 


¢ natural resource use accounts, recorded in physical 
terms, showing when and how non-produced goods 
and services are brought into the economic sphere 
and used in production and consumption activities, 
and highlighting the role of selected produced goods 
that are important in analyses of certain environmental 
issues; 


waste output accounts, recorded in physical terms, re- 
porting the types and quantities of waste products that 
are generated in the economy and relating these to 
the flow of output; and 


¢ environmental protection expenditure accounts identi- 
fying current and capital expenditures, by business, 
government and households, that are intended to con- 
serve or protect natural resources and the environ- 
ment. 


The broad structure of the environmental accounts and their 
relationship to the conventional Canadian national accounts 
are shown in Figure 1.2. The natural resource stock ac- 
counts, expressed in monetary terms, are an addition to the 
national balance sheet. The existing Canadian national bal- 
ance sheet and flow accounts include only financial and 
produced assets. The plan is to develop physical and mon- 
etary natural resource stock and flow accounts according to 
the classification suggested in the revised SNA,’ that is, for 
each of the asset categories shown in Text Box 1.2. 


The natural resource use accounts will show the physical 
quantities of various natural resources that are used by in- 
dustries to produce their outputs, and by consuming house- 
holds. As such, these accounts provide additional detail for 
selected rows in the use matrix of the input-output tables 


1. United Nations et a/.,1993a, chapter XXI, contains a discussion of satel- 
lite accounts in general and environmental satellite accounts in particular: 
“Typically satellite accounts or systems allow for: (a) the provision of addi- 
tional information on particular social concerns of a functional or cross- 
sector nature; (b) the use of complementary or alternative concepts, 
including the use of complementary and alternative classifications and 
accounting frameworks, when needed to introduce additional dimensions 
to the conceptual framework of national accounts; (c) extended coverage 
of costs and benefits of human activities; (d) further analysis of data by 
means of relevant indicators and aggregates; and (e) linkage of physical 
data sources and analysis to the monetary accounting system.” (p. 489.) 

2. See United Nations et a/.,1993b, annex V, part D. 
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Text Box 1.2 
SNA Asset Classification 


Tangible non-produced assets 

Land 
Land underlying buildings and structures 
Land under cultivation 
Recreational land and associated surface water 
Other land and associated surface water 

Subsoil assets 
Coal, oil, natural gas and crude bitumen reserves 


Metallic mineral reserves, notably copper, nickel, zinc, lead, gold, 
silver, molybdenum, iron and uranium ores 


Non-metallic mineral reserves, notably gypsum, potash, asbestos, 
salt, limestone, sand and gravel 


Non-cultivated biological resources 
Forest timber 


Wildlife, notably fish, moose, deer and caribou 
Water resources 


converted from monetary terms to physical units. For natu- 
ral resource commodities, the total use is carried over to the 
‘other changes in volume of natural resource assets’ state- 
ment, where it helps account for changes in natural re- 
source reserves over time. For other environmental 
commodities such as air and water, there are no corre- 
sponding stock accounts, although associated environmen- 
tal quality measures can be developed and, possibly, linked 
to the resource use and waste output accounts. 


The waste output accounts will record emissions of waste 
products, whether solid, liquid or gaseous, generated by in- 
dustries, governments and households. These accounts 
will be developed in physical terms only. They can be 
thought of as a counterpart of the resource use accounts, 
the two together providing an integrated description of nat- 
ural resources flowing through and being transformed by 
the economic system. Sub-accounts may also be devel- 
oped for international ‘trade’ in waste products and for ac- 
cumulations of waste.° 


Finally, the environmental protection expenditure accounts 
will disaggregate the existing gross output time series in the 
core national accounts to show ‘defensive’ or ‘protective’ 
outlays separately from other production. Initially these ac- 
counts will be restricted to ‘end-of-pipe’ type expenditures.* 


This framework bears many similarities to the System of In- 
tegrated Environmental and Economic Accounting (SEEA), 
proposed by the Statistical Division of the United Nations.° 


3. Garbage is routinely shipped for disposal between Canada and the 
United States, depending on where the tipping fees are lowest. It would 
be useful to identify these shipments within the satellite account, as well 
as any concentrated accumulations of garbage or hazardous waste prod- 
ucts. 

4. By ‘end-of-pipe’ expenditures is meant outlays for non-integrated equip- 
ment or facilities acquired specifically for the purpose of pollution abate- 
ment and control. It is often more difficult to distinguish PAC expenditures 
when pollution abatement is a built-in function of the associated equip- 
ment and facilities. 

. United Nations, 1993a. 
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Figure 1.2 
Natural Resource and Environmental Accounts within the Canadian National Accounts* 
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* Shaded areas are part of the environmental satellite account. In some instances these parts are simply decompositions within the existing core national accounts (row 4). In others they rep- 
resent additions to the core accounts in line with the new UN-SNA standard (column F). Finally, in some cases they represent enhancements for the purposes of the satellite account only 
(rows 5 and 6 and column G). Boxes with solid black borders represent accounts measured in monetary units; boxes with double-line borders represent accounts measured in physical units. 
GFKF signifies ‘gross fixed capital formation’. 
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A major difference though is that in the SEEA, several items 
are moved up from the ‘other changes in volume of natural 
resource assets’ account and netted against gross fixed 
capital formation (GFKF) and gross value added, defining a 
new aggregate, ‘environmentally-adjusted net domestic 
product’ (EDP). The Canadian satellite accounts will not, at 
least not in their initial versions, redefine or supplement ex- 
isting SNA aggregates such as gross or net domestic (or 
national) product, although the accounts will provide much 
of the information necessary for those who may wish to cal- 
culate such ‘green aggregates’. It will take many years of 
data development, research and professional discussion 
before meaningful, reliable and credible aggregates of this 
kind are possible from a statistical perspective. 


As has been noted, and as is recommended in the revised 
SNA, much of the statistical information in the satellite ac- 
counts will be measured in physical units rather than or as 
well as in monetary terms. In most cases, physical meas- 
urement of stocks and flows is a necessary first step even if 
the ultimate objective is monetary values. The measure- 


ment of physical stocks and flows is also less controversial. 


Some priority is being given to assessing monetary values 
for natural resource assets, but this effort is regarded as ex- 
perimental at this stage. Like other countries, Canada is 
hoping a clearer international consensus on what valuation 
techniques are most appropriate will soon begin to emerge. 
The assignment of monetary values to natural resource as- 
sets will have the obvious benefit of facilitating aggregation 
and comparisons of diverse asset types. 


In some areas the development work is moderately well ad- 
vanced while in others little progress has been made so far 
beyond basic exploratory investigations. Canada’s natural 
resources are vast and the task of building the satellite ac- 
counts is expected to take several years. 


Conclusion 


Canada’s environmental statistics program has grown and 
matured considerably over the past two decades. Progress 
has been made on many fronts. 


Four editions of the compendium Human Activity and the 
Environment have been published - in 1978, 1986, 1991 
and 1994 - and each one has brought important extensions 
and improvements. The GIS-type environmental database 
upon which Human Activity and the Environment is built 
has grown larger and more comprehensive over time and 
this database is now available for use by the general public. 
The annual publication Environmental Perspectives: 
Studies and Statistics has been established to report on 
new developments in environmental statistics between the 
normally quinquennial issues of Human Activity and the 
Environment. 


Year by year, new environmental data sources have been 
developed. Some of these sources are the result of efforts 
to recast existing Statistics Canada survey data in ways that 
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are more useful for environmental analysis. Others reflect 
the establishment of new household, business and govern- 
ment surveys designed to fill key data gaps. Still others 
arise from the identification and exploitation of administra- 
tive and regulatory data. And finally, in some cases new 
time series estimates are now being derived for the purpos- 
es of the environmental accounts by applying technical co- 
efficients to economic data. 


Much headway has been made in developing an appropri- 
ate conceptual framework for environmental statistics, start- 
ing with the STRESS approach and evolving from there to 
the PEP system. Now, working with other countries and 
some international institutions, Canada is developing an- 
other framework, building upon the System of National Ac- 
counts structure that has proven so effective, for some fifty 
years, as a means for organizing economic statistics. 


But the environmental statistics program still faces many 
important challenges as the demand for more and better 
statistics grows steadily. A great many data gaps remain 
and more new surveys are required. Despite the advances 
that have been made, there continues to be a vast potential 
for the better use of administrative and regulatory informa- 
tion for statistical purposes. The field of environmental ac- 
counting, while exciting and promising, is still in its infancy. 
Quite clearly, the future agenda for Canada’s environmental 
statistics program is a full and challenging one. 
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2 Environmental Change 
Around Waterton Lakes 
National Park 


by Douglas Trant’, Christine de Boer’ and Kevin Van Tighem* 


Introduction 


Waterton Lakes National Park is part of the Crown of the 
Continent ecosystem. This ecosystem is centred around 
the Lewis, Clark and Livingston Ranges of the Rocky Moun- 
tains and covers 15 000 square kilometres of southwestern 
Alberta and southeastern British Columbia in Canada, and 
northwestern Montana in the United States. Map 2.1 indi- 
cates the location of the study area. 


Map 2.1 
Study Area Location 


Waterton Lakes National Park is part of the protected core 
of the Crown and is known as the place “...where prairie 
grasslands meet the Rocky Mountains.” In fact, the entire 
area is one of abrupt landscape transitions. Because of the 
exceptional biodiversity and cultural value of the area, the 
Man and the Biosphere Program, initiated by the United Na- 
tions Educational, Scientific and Cultural Organization 
(UNESCO), designated Waterton Lakes National Park as a 
“biosphere reserve” in 1976. This serves to encourage the 


1. Research Analysts, National Accounts and Environment Division, Statis- 
tics Canada, Ottawa, Ontario. 

2. Ecosystem Management Specialist, Waterton Lakes National Park, 
Waterton Park, Alberta. 
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protection and scientific study of this area for all the world’s 
people.° 


Waterton Lakes National Park has both intrinsic and scien- 
tific value. On the one hand, it is a Canadian national park, 
a place that has been set aside to be kept unimpaired and 
in a state of ecological integrity so as to benefit present and 
future generations of Canadians. On the other hand, as a 
biosphere reserve it is the protected core of a diverse and 
important regional ecosystem and serves as a benchmark 
for measuring the impacts of change in that broader area. 


The present study was undertaken as part of a broad initia- 
tive to detect trends and emerging issues within the Crown 
of the Continent ecosystem. The scenic beauty, abundant 
wildlife and ecological diversity that most residents and vis- 
itors consider to characterize the Crown are all influenced 
by social and economic factors that lead to landscape mod- 
ification or changing levels and intensities of human use. 
The purpose of this study is to measure changing socio- 
economic trends that are influencing the environment within 
the Crown of the Continent ecosystem. 


Physiography of the study area 


The study area is formed by four areas which can be de- 
scribed by the characteristics of the ecoregions which are 
contained within them. Demarchi and Lea (1993) describe 
these ecoregions, which are depicted in Map 2.2, in detail. 


The Flathead Trench, the Rocky Mountains and higher por- 
tions of the Porcupine Hills are within the Northern Conti- 
nental Divide ecoregion. For the purposes of this study, this 
ecoregion is divided into two areas between British Colum- 
bia and Alberta. This ecoregion is characterized by conifer- 
ous forest ranging from Douglas-fir and limber pine at lower 
elevations, through extensive lodgepole pine forests to high 
elevation forests of subalpine fir, Engelmann spruce and 
whitebark pine. The climate here is Cordilleran with mild 
summers (less than 80 frost-free days per year) and cold 
winters frequently moderated by mild chinook winds. Annu- 
al precipitation exceeds 400 mm with most falling between 
May and July. 


In the Chinook Upland ecoregion, the foothills and lower 
portions of the Porcupine Hills are found. This area is char- 
acterized by the prevalence of rough fescue/timer oatgrass 
grassland in a rolling upland landscape and some extensive 
stands of aspen. The climate is predominantly continental 
with warm summers (80 to 100 frost-free days per year) and 
cold winters frequently moderated by mild chinook winds. 
Annual levels of precipitation are between 450 and 600 mm, 
with peak rainfall between May and July. 


The third ecoregion within the study area is the Southern Al- 
berta Plains, which includes the western edge of the Great 


3. To date, six UNESCO biosphere reserves have been designated in Can- 
ada, while more than 300 other heritage sites have been chosen in the 
198 bio-geographic provinces around the world. 
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Map 2.2 


Ecoregion Study Area Reference Map - Province and Ecoregion Boundaries 


Waterton Lakes 
National Park 


Source: 
Demarchi, D.A. and E.C. Lea, 1993. 


Plains and the downstream reaches of major rivers drain- 
ing the east side of the Crown of the Continent ecosystem. 
This area is characterized by the prevalence of spear- 
grass/wheatgrass grassland in an undulating plain with 
deeply incised river valleys. However much of the natural 
vegetation has been converted to agricultural uses. The 
climate here is continental with hot summers (100 to 120 
frost-free days per year) and cold winters occasionally 
moderated by chinook winds. Annual precipitation averag- 
es from 350 to 500 mm, with most falling from May through 
July. 


Asecond perspective forthis study was to examine 
changing land use within watersheds surrounding Water- 


Map 2.3 


Provincial Ecoregions: 


BRITISH COLUMBIA 
1 - Northern Continental Divide 


ALBERTA 


2 - Northern Continental Divide 
3 - Chinook Upland 
4 - Southern Alberta Plains 


ton Lakes National Park. There are four river basins which 
are studied, where the western edge of the Great Plains, in- 
cised by coulees and large river valleys, ranges in elevation 
from 3 000 to 4 500 feet. Map 2.3 defines this study area 
and indicates the park’s location. Major drainage basins 
include the Upper Oldman River, Willow Creek, Belly, Wa- 
terton and St. Mary Rivers. 


For the purposes of this study, socioeconomic and land 
data are stratified and analyzed by ecoregion, as defined 
by the ecoregion study area, and by watershed, as defined 
by the river basin study area. 


River Basin Study Area Reference Map - River Basin Boundaries 


Waterton Lakes 
National Park 


Note: 


The solid lines represent river basin boundaries. Dashed lines indicate larger river channels only. 


Source: 
Water Resources Branch, Inland Waters Directorate, Environment Canada, 1986. 
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River Basins: 


ALBERTA 


1 - Upper Oldman River Basin 

2 - Willow Creek Basin 

3 - Belly and Waterton Rivers Basin 
4 - St. Mary River Basin 


river basin boundaries 
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Employment and demographic 
trends 


The Canadian portion of the Crown of the Continent ecosys- 
tem is sparsely populated, especially west of the Continen- 
tal Divide. Population density increases eastward from the 
Rockies and land use is for the most part agricultural. The 
main agricultural activities include cattle/forage ranches 
and mixed barley and wheat farms. 


Table 2.1 
Population by Ecoregion, 1971 - 1991 


Total population 
Provincial ecoregion 1971 1976 1981 
number of people 


British Columbia 


Northern Continental Divide 3 926 6 784 8 291 
Alberta 

Northern Continental Divide 7 807 8 650 8 879 

Chinook Upland 16 571 16 108 17 201 

Southern Alberta Plains 72 428 82 254 91 856 
Study area total 100 732 113 796 126 227 
Sources: 


Statistics Canada, National Accounts and Environment Division and Census of Population. 


Table 2.2 
Rural Population by Ecoregion, 1971 - 1991 


Rural population 


Population change 


Table 2.1 indicates that the population of the ecoregion 
study area increased by 34 percent between 1971 and 
1991. The largest change occurred between 1971 and 1981 
when population increased by 25 percent. In Table 2.2 rural 
population increased by 15 percent over the twenty year 
study period, and now exceeds a one-third share of the ar- 
ea’s population. The largest fluctuations and changes in ru- 
ral population occurred in the Northern Continental Divide 
ecoregion. In addition, the total population of this region 
more than doubled between 1971 and 1991. 


Population change 


1986 1991 1971-1981 1981-1991 1971-1991 
percent 

8 938 7 854 111.2 -5.3 100.1 

8 368 8 022 13.7 -9.7 2.8 

16 698 18 028 3.8 48 8.8 

97 210 100 806 26.8 9.7 39.2 

131 214 134 710 25.3 6.7 33.7 


Rural share of total population 


Provincial ecoregion 1971 1976 1981 1986 1991 1971-1981 1981-1991 1971-1991 1971 1981 1991 
number of people percent percent 
British Columbia 
Northern Continental Divide leans 1 796 1 898 3 233 2 455 7.1 29.3 38.5 45.2 22.9 31.3 
Alberta 
Northern Continental Divide 2994 3 600 4 287 5 064 4773 43.2 11.3 59.4 38.4 48.3 59.5 
Chinook Upland 10 659 9617 10177 9 401 10 888 -4.5 7.0 2.1 64.3 59.2 60.4 
Southern Alberta Plains 17 000 19 550 19 576 19 788 19271 Ske -1.6 13.4 23.5 21.3 19.1 
Study area total 32426 34563 35938 37486 37387 10.8 4.0 15.3 32.2 28.5 27.8 
Sources: 
Statistics Canada, National Accounts and Environment Division and Census of Population. 
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In addition to population size, employment statistics provide 
valuable insight into the economy of the area. Table 2.3 pro- 
vides counts of the number of people employed by industry 
within each ecoregion for the years 1981 and 1991. 


The Southern Alberta Plains ecoregion employment profile 
dominated the employment distribution figures in the study 
area as it supported 75 percent of the total employment. For 
this region, the services and trade industries together ac- 
counted for close to one half of employed persons. By 1991 
employment had decreased in the trade, manufacturing and 
construction industries, while increases in employment oc- 
curred in the services and public administration industries. 


Within the ecoregions, the ranking of industries by relative 
contribution to employment varied slightly. In the British Co- 
lumbia Northern Continental Divide, the mining industry 
dominated the employment distribution with over half of this 
region’s employment. This industry also maintained strong 
employment in the Alberta portion of the Northern Continen- 
tal Divide over the ten years. This high proportion of mining 
activity is due to the existence of eleven open pit mines and 
one crushing plant in the Canadian portion of the Crown of 
the Continent ecosystem. The services industry was con- 
sistently among the top two industries in all ecoregions. 


Table 2.3 


Wholesale and retail trade were the third largest employer 
in the Northern Continental Divide and Chinook Upland re- 
gions. The agriculture industry dominated for both 1981 and 
1991 in the Chinook Upland ecoregion, accounting for close 
to 30 percent of the area’s employment. Although the man- 
ufacturing and agriculture industries alternated as the third 
largest employer in the Southern Alberta Plains between 
1981 and 1991, both are still significant contributors to em- 
ployment. 


Despite consistent increases in the levels of employment 
between 1981 and 1991 in the Chinook Upland and South- 
ern Alberta Plains ecoregions, the employment rate de- 
clined for the same period. The employment rates ranged 
from 91 percent to 95 percent in 1981, but by 1991 they had 
dropped to between 88 percent and 92 percent. During the 
same period, the size of the labour force grew by one quar- 
ter for the Chinook Upland ecoregion, while only small in- 
creases were felt in the Northern Continental Divide - an 
area which experienced both a decline in population and a 
reduction in labour force size between 1981 and 1991. 


Employment by Industry and Ecoregion, 1981 and 1991 


Ecoregion 
B.C. - Northern Alberta - Northern 
Continental Divide Continental Divide Chinook Upland Southern Alberta Plains 
Employed Employment Employed Employment Employed Employment Employed Employment 
persons distribution persons distribution persons distribution persons distribution 
Industry 1981 1991 1981 1991 1981 1991 1981 1991 1981 1991 1981 1991 1981 1991 1981 1991 
persons percent persons percent persons percent persons percent 

Agriculture 25 40 0.6 Ne 350 340 9.4 9.3 1925 2660 28.7 32.6 4320 4555 10.1 9.9 
Communication 45 35 1.1 1.0 50 45 1.3 ies! 65 35 1.0 0.5 850 825 2.0 1.8 
Construction 250 105 6.5 2.8 255 190 6.8 5.3 550 515 8.2 6.3 3610 2595 8.5 Ny! 
Finance 60 125 1.6 3.4 120 105 3.1 2.9 160 170 2.4 al 1810 ile 4.2 3.7 
Fishing and hunting 5 0.1 5 15 0.0 0.0 
Forestry 40 10 1.0 0.4 70 80 2.0 2.1 20 25 0.2 0.3 5 40 0.0 0.1 
Manufacturing 160 115 41 3.1 315 280 8.4 7.6 280 285 4.2 3.5 4800 3940 ihe 8.6 
Mining 2155 1845 55.8 50.3 815 660 21.8 18.1 270 225 44 PAI p 195 320 0.5 0.7 
Public administration 90 130 2.4 3.5 210 225 5.6 6.1 450 550 6.7 6.7 3305 3765 Th 8.2 
Public utilities - 25 - 0.7 20 30 0.8 55 45 0.9 0.5 530 520 1.2 11 
Services 640 700 16.5 19.0 825 1005 22.1 27.5 1420 2200 21.2 26.9 11845 16645 27.7 36.3 
Transport and storage 140 95 3.6 2.5 70 100 1.9 EMT, 175 215 2.6 2.6 TALS 1950 4.0 4.2 
Wholesale and retail trade 240 375 6.2 10.2 515 495 13.9 13.6 960 980 14.3 Ue) 8 585 7 920 20.1 17.3 
Undefined 40 75 1.0 2.0 120 100 eke! 2.7 385 260 Shi 32 1 185 1075 2.8 2.3 
Total employed 3870 3665 100.0 100.0 3740 3645 100.0 100.0 6705 8170 100.0 100.0 42740 45895 100.0 100.0 
Total unemployed 290 500 370 515 380 735 2860 5465 

Total labour force! 4165 4175 4105 4165 7095 8905 45600 51370 


Notes: 

Figures may not add due to rounding. 

1. Total labour force data is the sum of employed and unemployed persons. 

Sources: 

Statistics Canada, National Accounts and Environment Division and Census of Population. 
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Land use characteristics 


Agriculture is the dominant land use activity in the ecore- 
gion study area. Throughout the study period (1971-1991) 
agriculture has occupied on average between 61 and 67 
percent of the land area here. Farmland area increased by 
8.8 percent over the 20 year period rising from 1.48 to 1.61 
million hectares. Table 2.4 describes these changes in 
farmland area in absolute and relative terms. 


The principal ecoregion undergoing change is the North- 
ern Continental Divide. Here the amount of farmland area 
within the Alberta portion tripled by 1991, though farmland 


still accounts for less than 50 percent of the ecoregion ar- 
ea. The British Columbia portion of the Northern Continen- 
tal Divide has experienced a 25 percent reduction in 
farmland. Little change has occurred in the Southern Al- 
berta Plains and the Chinook Upland which consist mainly 
of farmland (90 percent). 


Table 2.5 looks at farmland area in the river basin study ar- 
ea. Here farmland occupies an average of 61 percent of 
the land area, with only a marginal increase in area be- 
tween 1971 and 1991. Moderate decreases in farmland 
area occurred in the Willow Creek and Belly/Waterton Riv- 
er basins. 


Table 2.4 
Farmland Area by Ecoregion, 1971 - 1991 
Proportion in 
Farmland area agriculture Change in area 
Provincial ecoregion Ecoregion area 1971 1976 1981 1986 1991 1971 1991 1971-1981 1981-1991 1971-1991 
hectares percent 

British Columbia 

Northern Continental Divide 339 991 3 995 3 922 3510 3 871 2973 We 0.9 -12.1 -15.3 25.6 
Alberta 

Northern Continental Divide 543 336 78 173 126 162 125 150 138 503 241 183 14.4 44.4 60.1 92.7 208.5 

Chinook Upland 714 851 647 460 555 062 557 977 561 639 649 157 90.6 90.8 -13.8 16.3 0.3 

Southern Alberta Plains 819 159 752 674 827 655 770 746 763 127 719 940 91.9 87.9 2.4 -6.6 -4.3 
Study area total 2 417 337 1482302 1512801 1457383 1467140 1613 253 61.3 66.7 -1.7 10.7 8.8 
Sources: 
Statistics Canada, National Accounts and Environment Division and Agriculture Division. 
Table 2.5 
Farmland Area by River Basin, 1971 - 1991 

Proportion in 
Farmland area agriculture Change in area 
River basin River basin area 1971 1976 1981 1986 1991 1971 1991 1971-1981 1981-1991 1971-1991 
hectares percent 

Willow Creek 416 210 270 621 262 601 250 952 253 931 239 244 65.0 S725 7.3 -4.7 -11.6 
Upper Oldman River 494 237 179 285 218 225 212 280 207 286 262 757 36.3 53.2 18.4 23.8 46.6 
Belly/Waterton Rivers 446 086 337 047 331 322 301 726 311 961 257 321 75.6 Sar -10.5 14.7 -23.7 
St. Mary River 233 311 168 323 184 561 187 337 194 076 208 715 72.1 89.5 11.3 11.4 24.0 
Total! 1 589 844 955 276 996 709 952 295 967 254 968 037 60.1 60.9 -0.3 1.7 ues} 
Note: 
1. This total is the sum of the four river basins and does not equal the total presented in the ecoregion summaries. 
acon National Accounts and Environment Division and Agriculture Division. 
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Over the twenty year period, the average farm size in the 
ecoregion study area increased by almost 10 percent to 
reach 460 hectares. This farm size was 26 percent larger 
than the Alberta average of 364 hectares in 1991 a 


Table 2.6 shows that the greatest change in farm numbers 
and average size occurred in the Northern Continental Di- 
vide. Average farm size decreased within British Colum- 
bia’s portion of this ecoregion as a result of a reduction in 
farmland area and an increase in farm numbers. In the Al- 
berta portion, however, there was a greater farmland area 


1. Statistics Canada, 1992, p. 53. 


Table 2.6 


and more farms by 1991, increasing the average farm size 
by 12 percent in Alberta’s Northern Continental Divide. The 
only ecoregion to experience both a reduction in farmland 
area and farm numbers by 1991 was the Southern Alberta 
Plains, though steady increases in average farm size oc- 
curred throughout the study period. 


In the river basin study area, farm numbers decreased by 9 
percent and average farm size increased by close to 3 per- 
cent overall. Both the Willow Creek and Belly/Waterton Riv- 
er basins saw reductions in farmland area and the number 
of farms. 


Number of Farms and Farm Size by Ecoregion, 1971 - 1991 


Number of farms 


Average farm size 


Change Change 
Provincial ecoregion 1971 1976 1981 1986 1991 1971-1991 1971 1981 1991 1971-1991 
percent hectares per farm percent 
British Columbia 
Northern Continental Divide 21 28 37 38 35 66.7 190 95 85 -55.4 
Alberta 
Northern Continental Divide 164 216 229 230 270 64.6 477 547 893 87.4 
Chinook Upland 1 084 1051 1 067 1 067 1 259 16.1 597 523 516 -13.7 
Southern Alberta Plains 2 276 2 269 2 106 2176 1946 -14.5 331 366 370 11.9 
Study area total 3 545 3 564 3 439 3511 3510 -1.0 418 424 460 9.9 
Sources: 
Statistics Canada, National Accounts and Environment Division and Agriculture Division. 
Table 2.7 
Number of Farms and Farm Size by River Basin, 1971 - 1991 
Number of farms Average farm size 
Change Change 
River basin 1971 1976 1981 1986 1991 1971-1991 1971 1981 1991 1971-1991 
percent hectares per farm percent 
Willow Creek 505 471 493 544 475 -5.9 536 533 485 -9.4 
Upper Oldman River 330 337 349 359 336 1.8 543 630 753 38.6 
Belly/Waterton Rivers 1 146 1 160 1092 1122 958 -16.4 294 260 236 -19.9 
St. Mary River 437 430 455 483 424 -3.0 385 436 459 19.1 
Total! 2 418 2398 2389 2 508 2 193 -9.3 395 397 405 2.6 
Note: 


1. This total is the sum of the four river basins and does not equal the total presented in the ecoregion summaries. 


Sources: 
Statistics Canada, National Accounts and Environment Division and Agriculture Division. 
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Tables 2.8 and 2.9 look at the “Improved farmland”! trends Improved pasture increased by 15 percent in the ecoregion 
around the park. In the ecoregion study area cropland in- study area, with the Northern Continental Divide more than 
creased by 42 percent, with the largest change occurring in tripling its share. Among the four river basins an overall re- 
the Chinook Upland. In the river basin study area, an overall duction of 6 percent in improved pasture occurred, with the 
increase of 28 percent in cropland area occurred, with the only increase occurring in the Upper Oldman River area. 
Bar eee ubostaibes soo ing [te eale: New farmland area usually originates from land that was 
Large reductions in summertallow were evident in all areas. once natural habitat. In this region of Canada newly ac- 
Such reductions in summerfallow can be regarded as posi- quired lands are generally referred to as unimproved farm- 
tive in that they reduce the risk of soil salinization.? land and are primarily used for cattle grazing. 


1. Improved farmland is defined here to include cropland, improved pas- 
ture and summenallow. “Other” land categorized as improved farmland 
which have been omitted from this study include woodland, idle land, 
barnyards and laneways. 

2. Dumanski, J. et a/., 1986, p. 206. 


Table 2.8 
Improved Farmland by Ecoregion, 1971-1991 
Cropland Improved pasture Summertfallow 
Change Change Change 
Provincial ecoregion 1971 1981 1991 1971-1991 1971 1981 1991 1971-1991 1971 1981 1991 1971-1991 
hectares percent hectares percent hectares percent 
British Columbia 
Northern Continental Divide 663 918 735 10.9 32 420 489 1 428.1 x x x x 
Alberta 
Northern Continental Divide 14623 20487 22525 54.0 2942 7407 10553 258.7 3003' 1604! 20581 -31.5 
Chinook Upland 154 834 225250 293581 89.6 32 333 42367 37614 16.3 52 811 24 067 14917 -71.8 
Southern Alberta Plains 332 584 417716 395239 18.8 48 859 52834 47 894 -2.0 178824 111671 108681 -39.2 
Study area total 502704 664372 712080 41.7 84165 103027 96550 14.7 234638 137342 125656 -46.5 
Notes: 


Figures may not add due to rounding. 

1. Data for the Alberta and British Columbia portions of the Northern Continental Divide have been combined to preserve confidentiality. 
Sources: 

Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


Table 2.9 
Improved Farmland by River Basin, 1971-1991 
Cropland Improved pasture Summertfallow 
Change Change Change 

River basin 1971 1981 1991 1971-1991 1971 1981 1991 1971-1991 1971 1981 1991 1971-1991 

hectares percent hectares percent hectares percent 
Willow Creek 67 054 102 191 85 551 27.6 19817 24544 18974 -4.3 31612 21429 11674 -63.1 
Upper Oldman River 35 748 48 013 33 601 -6.0 5998 13053 10633 77.3 10 785 3 843 2 252 -79.1 
Belly/Waterton Rivers 126 567 151 184 124 821 -1.4 19475 20313 16 818 -13.6 47835 23497 10 044 -79.0 
St. Mary River 76 384 119 270 145 939 Sie 14 889 15 033 10 264 -31.1 28 726 6 933 5 031 -82.5 
Total! 305753 420657 389913 27.5 60180 72943 56689 -5.8 118957 55702 29001 -75.6 
Note: 
4 dlls is the sum of the four river basins and does not equal the total presented in the ecoregion summaries. 


Statistics Canada, National Accounts and Environment Division and Agriculture Division. 
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In the ecoregion study area, the amount of unimproved 
farmland increased by 3 percent, increasing its proportion 
of the ecoregion area to 28 percent (see Table 2.10). Most 
of the increase occurred in the Northern Continental Divide 
where new areas of rangeland have been opened up. The 
greatest change was in the Alberta portion of this region, 
where the unimproved farmland area more than tripled. 


In the river basin study area, there was a total increase of 5 
percent in unimproved farmland area. The Upper Oldman 
River basin accounted for the majority of this change with 
an increase of 71 percent. The Willow Creek and Belly/Wa- 
terton River basins experienced moderate declines in unim- 
proved area with 19 and 26 percent reductions respectively. 
These figures are listed in Table 2.11. 


Table 2.10 
Unimproved Farmland by Ecoregion, 1971-1991 


Agricultural practices and their 
effects 


The Crown of the Continent ecosystem is subject to envi- 
ronmental modification from a number of sources. The 
sources measured in this study include pesticide use and ir- 
rigation. 


In landscapes with high ecological integrity, nutrients are 
cycled internally within diverse natural ecosystems. A sim- 
ple analogy might be to compare a suburban lawn with ad- 
jacent native prairie. 


The suburban lawn is a simple ecosystem containing per- 
haps ten species of plants, and is consequently subject to 
constant invasion by weed species which are usually con- 


Unimproved farmland area 


Proportion of 


unimproved farmland Change in unimproved farmland area 


Provincial ecoregion Ecoregion area 1971 1981 1991 1971 1991 1971-1981 1981-1991 1971-1991 
hectares percent 
British Columbia 
Northern Continental Divide 339 991 3 269 2078 1749 1.0 0.5 -36.4 -15.9 -46.5 
Alberta 
Northern Continental Divide 543 336 57 605 95 652 206 046 10.6 37.9 66.0 115.4 257.7 
Chinook Upland 714 851 407 482 266 293 303 046 57.0 42.4 -34.6 13.8 -25.6 
Southern Alberta Plains 819 158 192 407 188 525 168 126 23.5 20.5 -2.0 -10.8 -12.6 
Study area total 2 417 336 660 764 552 549 678 967 27.3 28.1 -16.4 22.9 2.8 


Sources: 
Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


Table 2.11 


Unimproved Farmland Around Waterton Lakes National Park by River Basin, 1971-1991 


Unimproved farmland area! 


Proportion of 
unimproved farmland 


Change in unimproved farmland area 


River basin River basin area 1971 1981 1991 1971 1991 1971-1981 1981-1991 1971-1991 

hectares percent 
Willow Creek 416 210 152 139 102 789 123 045 36.6 29.6 -32.4 19.7 -19.1 
Upper Oldman River 494 237 126 755 147 372 216 271 25.6 43.8 16.3 46.8 70.6 
Belly/Waterton Rivers 446 086 143 170 106 733 105 638 32.1 2a -25.5 -1.0 -26.2 
St. Mary River 233 311 48 324 46 101 47 481 20.7 20.4 -4.6 3.0 mre 
Total? 1 589 844 470 388 402 994 492 436 29.6 31.0 -14.3 22.2 47 
Notes: 


1. Unimproved farmland areas are calculated using total farmland values and the sum of improved land variables listed in Table 9. 
2. This total is the sum of the four river basins and does not equal the total represented in the ecoregion summaries. 


Sources: 
Statistics Canada, National Accounts and Environment Division and Agriculture Division. 
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trolled by herbicides. It requires regular fertilization to re- 
place lost nutrients, frequent watering because the species 
present are not adapted to the local climate, and lawn mow- 
ing substitutes for the cropping action of herbivores. Inputs 
of energy, pesticides and water are high. 


The adjacent native prairie, on the other hand, is cropped by 
cattle or wild ungulates with the nutrients removed by crop- 
ping being recycled as dung. There may be more than 50 
different plants, including weeds, interacting seasonally and 
continually replenishing the soil, and capable of thriving with 
the water that is available from rain and snow. 


Based on this analogy, it can be seen that application rates 
of fertilizers, herbicides, insecticides and water can serve 
as one indicator of ecosystem function; the higher the quan- 
tities used, the more artificial inputs are substituting for the 
self-regenerative capabilities of healthy ecosystems. Ferti- 
lizers represent lost soil fertility, pesticides represent simpli- 
fied and unstable ecosystems, and irrigation represents a 
de-coupling of plant communities from the regional climate. 


Table 2.12 


Environmental Change Around Waterton Lakes National Park 


The use of pesticides also can be seen as an indicator of 
environmental stress, since runoff of fertilizers and pesti- 
cides has been associated with water degradation, and 
since some pesticides are persistent and bioaccumulate in 
plants and animals. 


Pesticide expenditures in the Waterton Lakes area more 
than tripled since 1970.' These values are shown in Tables 
2.12 and 2.13. In the ecoregion study area, the rate of ap- 
plication per hectare of cultivated land? increased from 
$2.86 to $10.84 constant 1990 dollars. Though this is a 
large increase, the average value reached in 1990 was 46 
percent below the national average of $15.80 per hectare.? 


1. Value of pesticide applied is only a surrogate for actual change in pesti- 
cide toxicity. 

2. Cultivated land includes cropland, improved pasture and summertallow 
areas. 

3. Statistics Canada, 1994, p. 20. 


Agricultural Chemical Expenditures and Application Rates by Ecoregion, 1970-1990 


Agricultural chemical expenditures 


Change 

Provincial ecoregion 1970 1980 1990 1970-1990 
1990 dollars percent 

Northern Continental Divide! 18 598 68 838 104 520 462.0 
Chinook Upland 563 867 2290425 3 587 124 536.2 
Southern Alberta Plains 1764684 4722156 6 434 354 264.6 
Study area total 2347149 7081419 10125998 331.4 


Notes: 


Chemical dollar values have been deflated by using farm input price indices for 1970-1990. 


Value of chemical per 


Cultivated land area hectare of cultivated land 


Change Change 
1970 1980 1990 1970-1990 1970 1980 1990 1970-1990 
hectares percent 1990$/hectare percent 
21 294 30 930 36 361 70.8 O87o92-23 2:87 229.1 
239978 291684 346112 44.2 2.35 7.85 10.36 341.1 
560 267 582221 551814 Ue) haley shall alesse) 270.2 
821538 904835 934 287 13.7 2.86 7.83 10.84 279.4 


1. For the purposes of this table data for the Alberta and British Columbia portions of the Northern Continental Divide have been combined to preserve confidentiality. 


Sources: 
Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


Table 2.13 


Agricultural Chemical Expenditures and Application Rates by River Basin, 1970-1990 


Agricultural chemical expenditures 


Value of chemical per 


Cultivated land area hectare of cultivated land 


Change Change Change 

River basin 1970 1980 1990 1970-1990 1970 1980 1990 1970-1990 1970 1980 1990 1970-1990 

1990 dollars percent hectares percent 1990$/hectare percent 
Willow Creek 319 763 925 007 1 034 557 223.5 118 483 148 163 116 199 -1.9 2.70 6.24 8.90 229.9 
Upper Oldman River 72 839 355 169 270 896 271.9 52 531 64 909 46 486 -11.5 1.39 5.47 5.83 320.3 
Belly/Waterton Rivers 646 679 1 798 309 1 883 949 191.3 193 877 194 994 151 683 -21.8 3.34 9.22 12.42 272.4 
St. Mary River 400 531 1520257 2255449 463.1 119999 141236 161234 34.4 3.34 10.76 13.99 319.1 
Total! 1439812 4598742 5444851 278.2 484890 549302 475603 -1.9 2.97 8.37 11.45 285.5 
Notes: 
Chemical dollar values have been deflated by using farm input price indices for 1970-1990. 
1. This total is the sum of the four river basins and does not equal the total represented in the ecoregion summaries. 
ore National Accounts and Environment Division and Agriculture Division. 
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In the river basin study area, the St. Mary River basin was tures actually declined between 1980 and 1990, though the 
the only area which incurred an increase in cultivated land final level reached was still more than three times the value 
area. The overall pesticide value per hectare reached of pesticides originally purchased in 1970. 


$11.45 in 1990. 


The bar graphs in Figure 2.1 indicate the trends in pesticide 
expenditures for each of the four river basins. Here we see 
a greater increase in the use of pesticides occurring be- 
tween 1970 and 1980, with slight increases by 1990. In the 
Upper Oldman River Basin, however, pesticide expendi- 


Figure 2.1 
Pesticide Expenditures by River Basin for 1970 - 1990 


Upper Oldman River Willow Creek 


million 1990 dollars million 1990 dollars 


1970 1980 1990 1970 1980 1990 


Belly and Waterton Rivers 


St. Mary River 


million 1990 dollars 


million 1990 dollars 


1970 1980 1990 1970 1980 1990 


Sources: 
Statistics Canada, National Accounts and Environment Division and Census of Agriculture. 
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The application of pesticides is needed to control both in- 
sects and weeds from invading cultivated land. As evident 
in Tables 2.14 and 2.15, the land area to which both insec- 
ticides and herbicides are being applied has increased dra- 
matically since 1970. 


Among the river basins, the greatest increases of cultivated 
land area treated with pesticides were in the St. Mary River 
basin. Here, more than a seven-fold increase occurred in 


Table 2.14 


Environmental Change Around Waterton Lakes National Park 


the area sprayed for insects, while the area sprayed for 
weeds more than tripled. 


Greater amounts of pesticide are being applied to the east 
of Waterton Lakes National Park, specifically within the Bel- 
ly/Waterton Rivers and St. Mary River basins. These areas 
also support the bulk of irrigated agriculture in the study 
area and have by far the greatest acreage under cultivation 
in cropland (Table 2.9). 


Areas Sprayed With Insecticides and Herbicides by Ecoregion, 1970-1990 


Area sprayed for insects 


Area sprayed for weeds 


Change Change 
Provincial ecoregion 1970 1980 1990 1970-1990 1970 1980 1990 1970-1990 
hectares percent hectares percent 
Northern Continental Divide! 69 20 245 255.9 2216 6 317 5 348 141.3 
Chinook Upland 2 891 1 838 26 113 803.1 57 838 157 612 199 294 244.6 
Southern Alberta Plains 8 849 8 131 42 471 379.9 143 458 299 773 301 247 110.0 
Study area total 11 810 9 989 68 829 482.8 203 513 463 703 505 889 148.6 
Note: 
1. For purposes of this table data for the Alberta and British Columbia portions of the Northern Continental Divide have been combined to preserve confidentiality. 
Sources: 
Statistics Canada, National Accounts and Environment Division and Agriculture Division. 
Table 2.15 
Areas Sprayed With Insecticides and Herbicides by River Basin, 1970-1990 
Area sprayed for insects Area sprayed for weeds 
Change Change 
River basin 1980 1990 1970-1990 1970 1980 1990 1970-1990 
hectares percent hectares percent 
Willow Creek 1 889 1 336 5915 213.1 25 400 67 822 56 002 120.5 
Upper Oldman River 184 7h) 639 246.8 10 756 26 327 12 305 14.4 
Belly River 3 565 2291 11 464 221.5 52 094 97 029 79 270 52.2 
St. Mary River 2 085 670 15 482 642.5 34 167 94 308 110 864 224.5 
Total! 7 724 4 372 33 499 333.7 122 418 285 487 258 442 111.1 
Note: 
1. This total is the sum of the four river basins and does not equal the total represented in the ecoregion summaries. 
Sources: 
Statistics Canada, National Accounts and Environment Division and Agriculture Division. 
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Figure 2.2 
Irrigated Area by Ecoregion, 1970 - 1990 
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Source: 
Demarchi, D.A. and E.C. Lea, 1993. 


i 
22 Statistics Canada - Cat. No. 11-528E, No. 2 Environmental Perspectives 


Irrigation is another agricultural practice with significant 
economic benefits and considerable environmental impact. 
The availability of irrigation water allows more intensive ag- 
riculture by stabilizing and maximizing yields and enabling 
farmers to grow a greater variety of crops than might other- 
wise be the case. 


Irrigation development in the area surrounding Waterton 
Lakes National Park dates back to the late 1800’s when 
Mormons began diverting water from Lee Creek, a tributary 
of the St. Mary River, to irrigate farmland in the Cardston ar- 
ea. Since then, all rivers in the Alberta portion of the study 
area have been developed for irrigation. Major projects 
have included the St. Mary Dam (1951), the Waterton River 
Dam (1964), the Oldman River Dam (1992) and three diver- 
sion weirs on the Belly River. 


Irrigation can also have positive effects. It increases vege- 
tation diversity by allowing the establishment of poplar, wil- 
low and other species along canals and in upland areas. At 
the same time it can be detrimental to ecosystem health if 
too much water is removed from streams during critical pe- 
riods, or if on-stream dams interrupt hydrological processes 
that sustain downstream ecosystems. Rood (1987) docu- 
mented a 25 percent decline in cottonwood forests - which 


Table 2.16 
Irrigated Area by Ecoregion, 1970-1990 


Environmental Change Around Waterton Lakes National Park 


rely on regular spring flooding and adequate summer water 
levels - downstream of the Waterton River Dam, and a 55 
percent decline downstream from the St. Mary River Dam. 


Ecological diversity is far higher in areas adjacent to water 
than elsewhere in the Southern Alberta Plains ecoregion 
(World Wildlife Fund Canada, 1989). In the prairie regions 
of Canada, forests located near water are important corri- 
dors that allow wildlife and plant populations to adjust to 
long-term climate change. In addition, many species of fish, 
such as whitefish, bull trout and walleye, are migratory. 
Dams and diversions that fail to provide for fish passage 
and the continued functioning of downstream ecosystems 
fragment populations and landscapes. 


As shown in Table 2.16 and Figure 2.2, the total irrigated 
area within the ecoregion study area more than doubled be- 
tween 1971 and 1991. The more significant increases oc- 
curred in the Chinook Upland and Southern Alberta Plains. 


The river basin study area indicates an increase of 91 per- 
cent in irrigated area with significant increases in the Willow 
Creek and Belly/Waterton River basins. In addition, the river 
basin with the highest irrigation stress, with 11 percent of its 
land irrigated, is the Belly/Waterton River basin. This phe- 
nomenon is depicted in Figure 2.3. 


Irrigated area 


Proportion irrigated Change in area 


Ecoregion Ecoregion area 1970 1980 1985 1990 1970 1990 1970-1980 1980-1990 1970-1990 
hectares percent 
Northern Continental Divide! 543 336 557 421 818 721 0.1 0.1 -24.5 71.4 29.5 
Chinook Upland 714 851 6 690 8 708 13 973 16918 0.9 2.4 30.2 94.3 152.9 
Southern Alberta Plains 819 158 44224 82265 97 381 99 090 5.4 12.1 86.0 20.5 124.1 
Study area total 2 077 345 51471 91394 112 173 116 728 2.5 5.6 77.6 27.7 126.8 
Note: 
1. For the purposes of this table data for the Alberta and British Columbia portions of the Northern Continental Divide have been combined to preserve confidentiality. 
Sources: 
Statistics Canada, National Accounts and Environment Division and Agriculture Division. 
Table 2.17 
Irrigated Area by River Basin, 1970-1990 
Irrigated area Proportion irrigated Change in area 
River basin River basin area 1970 1980 1985 1990 1970 1990 1970-1980 1980-1990 1970-1990 
hectares percent 
Willow Creek 416 210 2 164 6719 9 266 10 009 0.5 2.4 210.5 49.0 362.5 
Upper Oldman River 494 237 218 594 843 872 0.2 172.3 46.9 300.0 
Belly/Waterton Rivers 446 086 29 849 42 472 48 368 48 446 6.7 10.9 42.3 14.1 62.3 
St. Mary River 233 311 5 950 10 291 15 835 13 746 2.6 oH) 73.0 33.6 131.0 
Total’ 1589 844 38 181 60 076 74 312 73 073 2.4 4.6 57.3 21.6 91.4 
Note: 
1. This total is the sum of the four river basins and does not equal the total presented in the ecoregion summaries. 
Sources: 
Statistics Canada, National Accounts and Environment Division and Agriculture Division. 
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Figure 2.3 
Irrigated Area by River Basin, 1970 - 1990 


Upper Oldman River 


thousand hectares irrigated Willow Creek 
50 thousand hectares irrigated 
‘50 
40 
40 
30 
30 
20 
20 
10 
10 
i¢) a 
1970 1975 1980 1985 1990 OLE : - 
1970 1975 1980 1985 1990 


Belly and Waterton Rivers 
St. Mary River 


thousand hectares irrigated 


thousand hectares irrigated 
50 


40 


30 


20 


10 


1970 1975 1980 1985 1990 0 


1970 1975 1980 1985 1990 


Sources: 
Statistics Canada, National Accounts and Environment Division and Census of Agriculture. 
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The use of pesticides to increase the availability of trace nu- In the river basin study area, the lowest decrease in fertilizer 
trients can improve crop yields where natural soil fertility application occurred in the Upper Oldman River basin. This 
has been depleted. Fertilizer use, however, is not only a area also experienced the highest increase in farmland and 
symptom of declining soil health, it also has the potential to maintained the most consistent application rate of fertilizer 
produce pollution problems. between 1970 and 1990 at 139 kg per hectare. 

The total amount of fertilizer used in this area has more than Overall, the intensity of fertilizer application in the area sur- 
doubled between 1970 and 1990, although this increase rounding Waterton Lakes National Park is lower than the 
has been accompanied by more than a three-fold increase national average of 180 kg per hectare. 


in the area being fertilized. These factors together have led 
to reductions in the rate of fertilizer application in the 1970- 
1990 period, as shown in Tables 2.18 and 2.19. 


1. Government of Canada, 1991, p. 9-21. 


Table 2.18 
Commercial Agricultural Fertilizer Application by Ecoregion, 1970-1990 
Commercial fertilizer tonnage Area fertilized Application rate 
Change Change Change 
Provincial ecoregion 1970 1980 1990 1970-1990 1970 1980 1990 1970-1990 1970 1980 1990 1970-1990 
tonnes percent hectares percent kg/hectare percent 
Northern Continental Divide! 528 1 231 1 280 142.4 3 844 8 882 9 471 146.4 137.4 138.6 135.2 -1.6 
Chinook Upland 8669 25081 29389 239.0 7/541 187 186 249 611 334.0 1507 134.07 11757 -21.9 
Southern Alberta Plains 14738 41503 37102 UnIere 79693 304887 295501 270.8 184:9) 1386.1) 125.5 -32.1 
Study area total 23935 67815 67771 183.1 141048 500956 554583 293.2 169.7 135.4 122.2 -28.0 
Note: 


1. For purposes of this table data for the Alberta and British Columbia portions of the Northern Continental Divide have been combined to preserve confidentiality. 


Sources: 
Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


Table 2.19 
Commercial Agricultural Fertilizer Application by River Basin, 1970-1990 
Commercial fertilizer tonnage Area fertilized Application rate 
Change Change Change 

River basin 1970 1980 1990 1970-1990 1970 1980 1990 1970-1990 1970 1980 1990 1970-1990 

tonnes percent hectares percent kg/hectare percent 
Willow Creek 2 956 9516 7 622 157.8 21 431 78 789 66 264 209.2 137.9 120.8 115.0 -16.6 
Upper Oldman River 1 478 4 329 2521 70.6 10 432 31 438 18 150 74.0 141.7 137.7 138.9 -2.0 
Belly/Waterton Rivers 7 932 18 768 13 751 73.4 40 192 116 837 102 859 155.9 197.4 160.6 133.7 -32.3 
St. Mary River 4770 15 417 16 838 253.0 30 725 111 266 134 930 339.2 55:2 138.6 124.8 -19.6 
Total! 17136 48030 40733 137.7 102 780 338 329 322 203 213.5 166.7 142.0 126.4 -24.2 
Note 
ee is the sum of the four river basins and does not equal the total represented in the ecoregion summaries. 


Statistics Canada, National Accounts and Environment Division and Agriculture Division. 
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Conclusion 


The Canadian portion of the Crown of the Continent ecosys- 
tem contains extensive areas where natural processes con- 
tinue to operate and where the area’s original biological 
diversity survives. This is due, in part, to the presence of a 
protected core area, Waterton Lakes National Park. It is 
also due to the quality of stewardship accorded to the agri- 
cultural and public lands that make up most of the remaining 
area. 


Within the Crown, Waterton Lakes National Park has been 
set aside for the people of Canada, to be kept unimpaired 
for all time. As a Man and Biosphere reserve, the park’s ec- 
ological health serves as a benchmark for the larger area. 
By and large, the signs are good. Wolves, sandhill cranes 
and trumpeter swans, once exterminated, now breed in 
small numbers in the area. Grizzly bears still range the land- 
scape, and populations of elk, deer, bighorn sheep and 
moose remain healthy. 


However, some environmental stresses are becoming more 
evident in the Crown. Bull trout populations have declined 
dramatically due to dams, overfishing and habitat deteriora- 
tion (Fitch, 1994). Cottonwood forests have declined by as 
much as 55 percent along the Waterton and St. Mary Rivers 
(Rood, 1987). Speculative interest in converting agricultural 
land to residential or recreational land has also been in- 
creasing (Pickell, 1994). ; 


Data evaluated for this study indicate that the largest rela- 
tive changes over the study period took place in the North- 
ern Continental Divide ecoregion. Changes in_ this 
ecoregion have a particularly large impact because of the 
relatively pristine state of the region. 


Within the Alberta portion of the study area, the Upper Old- 
man and St. Mary River basins experienced marked in- 
creases in farmland acreage (Table 2.5). As well, there 
were large increases in the use of agricultural pesticides 
throughout the study area, with increases greater than four- 
fold occurring in the Chinook Upland ecoregion and in the 
St. Mary River basin. Irrigated acreage quadrupled in the 
Willow Creek and Upper Oldman River basins (Table 2.17). 


All of the above facts lead to important questions that will 
have to be answered if the relationship between the park 
and its surroundings is to remain stable in the long term. 
The balance between the Crown of the Continent’s ecosys- 
tem integrity, and a viable socio-economy will have to be 
carefully monitored as we move into the 21st century. 
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3 Household Waste 
Management in the 
‘90s: Reduce, Reuse 
and Recycle 


by Murray Cameron" 


Introduction 


Environment Canada estimates that over 32 million tonnes 
of solid wastes are generated each year in Canada’. Resi- 
dential waste accounts for almost half of this amount?. 


Waste’ presents one of the greatest challenges to the Ca- 
nadian environment. Excessive solid wastes are creating 
problems for communities which have no more land availa- 
ble for landfill sites. Effective use of the 3Rs - reduction, re- 
use and recycling - helps to protect the environment by 
reducing pressure on communities for disposal lands 
through significant cuts in the waste stream. 


This chapter highlights some of the results from the 1993 
Local Government Waste Management Survey”. This na- 
tional survey sampled 642 municipalities Canada-wide and 
included questions on garbage collection, recycling, com- 
posting and the handling of hazardous waste. The munici- 
palities surveyed accounted for approximately 79 percent of 
the Canadian population in 1993. 


The survey was the second of its kind conducted by Statis- 
tics Canada. As a follow-up to the original pilot study con- 
ducted in 1991 (see Text Box 3.1), it was intended to 
provide an overview of the structure and function of Cana- 
dian local government waste management activities. A 
number of definitional problems were identified in the pilot 
survey and were subsequently corrected for the 1993 sur- 
vey. As a consequence, comparisons between years can- 
not readily be made. 


=k 


. The author would like to thank Marcia Santiago for her valuable assist- 
ance. 
2. Environment Canada, Office of Waste Management. 
3. Statistics Canada, 1993. 


4. Waste is defined as any substance discarded for final disposal or recy- 


cling for which the owner or generator has no further use. 


5. A complete survey report is available from National Accounts and Envi- 


ronment Division, Statistics Canada. 
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Text Box 3.1 

Highlights of the 1991 Pilot Local 
Government Waste Management 
Practices Survey 


The survey, conducted in 1990/1991, contained a 
number of questions designed to profile the practices 
of local governments including the collection, trans- 
portation and disposal of garbage, as well as recycling 
and the handling of hazardous waste. As a pilot study, 
it was intended to obtain an overview of the structure 
and function of Canadian local government activities 
pertaining to waste management. 


Some highlights? include: 


Based upon the total annual quantities reported, 83 
large municipalities collected, on average, about 1 
tonne of residential garbage per dwelling per year or 
2.5 kilograms per day. Seventy-three of these munici- 
palities had a recycling program, through which ap- 
proximately 9 percent (by weight) of the total municipal 
garbage was recycled. 


Fifty-six of the municipalities had some form of resi- 
dential hazardous waste program while only 10 hada 
program for non-residential hazardous wastes. 


Thirty-six of the municipalities reported having ar- 
ranged for waste composition studies, an important 
step towards effective waste management. In addi- 
tion, 53 of the municipalities had some form of waste 
reduction program. 


1. Statistics Canada, 1993. 

2. The data presented in the article reflected 83 municipalities that 
had a population greater than 50000 in 1991. These 
accounted for about half of the Canadian population. 


Waste not ... 


Whether we are aware of it or not, we pollute our environ- 
ment daily in many ways. The very act of preparing food 
generates many by-products, such as residues from organ- 
ic matter and packaging, that have to be disposed of. It is 
how we dispose of these wastes that has an impact on our 
environment. 


Much of the material entering landfills can be recycled or 
composted. Although education programs help to inform 
households about recycling, composting and hazardous 
waste disposal, organized recycling and composting pro- 
grams offer the best hope for protecting the environment 
against further degradation. 
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Waste collection’ Figure 3.1 
Residential Waste Collected for Disposal, 
Among the 642 municipalities surveyed, an average of 2.5 per Dwelling, by Municipality Size, 1993 


kilograms per day of residential waste was collected from 
each dwelling served (see Figure 3.1). Those municipalities 
with under 30 000 in population reported higher levels of 
garbage collected, averaging 2.8 kg/day/dwelling. 3 


kg/day/dwelling 
3.5 


Overall, waste collection is primarily handled by contractors 
hired by municipalities. Overall 62 percent of municipalities 
reported using contractors only while 13 percent used their 
own employees for this task (Table 3.1). No waste collection 
programs were reported in 8 percent of the municipalities - 
many were communities of under 30 000. 


In Quebec, only 2 percent of the municipalities used only 1 
municipal employees for waste collection, while 84 percent 
of Quebec municipalities employed contractors only. 


The Prairie region had the highest incidence of municipali- : _ so : 
ties with no waste collection programs, 18 percent or 19 mu- Canada _ Quebec ___ Prairies 
nicipalities, while Quebec had the lowest incidence of giants oolane Be oll 


municipalities with no waste collection, at 4 percent. Population 


less than 30 000 
reater than 100 000 


30 000 to 100 000 


1. This section refers to waste collection for disposal, which is waste des- Note: 
tined for landfill, incineration or export. These are preliminary figures and do not include estimates for municipalities with a 
population less than 5 000, which were not sampled. 
Source: 
Statistics Canada, National Accounts and Environment Division. 


Table 3.1 
Waste Collection by Agent Responsible, Municipality Size and Region, 1993 
Municipal population Region 

Under 30000 - 100 000 Atlantic Prairie B.C., Yukon 

30 000 99 999 and over Canada provinces Quebec Ontario provinces and N.W.T. 
Number of municipalities reporting 508 97 37 642 64 189 218 104 67 
Agent responsible for collection percent of municipalities reporting 
Municipal employees only 12 15 19 13 19 2 13 19 30 
Contractors only 64 60 38 62 48 84 67 40 33 
Other 5 1 4 6 5 2 2 12 
Municipal employees and other 2 8 3) 3 3 = 2 12 
Contractors and other 3 1 5 3 3 3 2 3 
Municipal employees and contractors 4 if 32 6 1 2 6 10 4 
Municipal employees, contractors and other 4 3 1 2 - 1 1 1 
No program 9 3 8 11 4 6 18 4 
Total 100 100 100 100 100 100 100 100 100 
Notes: 


Figures may not add due to rounding. 

These are preliminary figures and do not include estimates for municipalities with a population less than 5 000, which were not sampled. 
Source: 

Statistics Canada, National Accounts and Environment Division. 
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Recycling Collection of recyclable materials was handled primarily by 
contractors to the municipalities as reported by 36 percent 
of the sample, as shown in Table 3.3. Other organizations 
accounted for the next largest collection mechanism, 23 
percent of the municipalities. Municipal employees were 
used in fewer municipalities for recyclables collection (7 
percent) as compared to general waste collection (13 per- 
cent) shown in Table 3.1. 


Across Canada, the majority of municipalities surveyed re- 
ported having a household recycling program in place in 
1993 (Table 3.2), through which approximately 16 percent 
(by weight) of the total residential waste stream was recy- 
cled. 


Regionally the incidence of recycling programs in munici- 
palities surveyed varied from a high of 91 percent in Ontario 
to a low of 31 percent in the Atlantic Provinces. 


All reporting municipalities relied primarily on contractors or 
private haulage (Table 3.3). 


Of the recyclable materials collected in 1993 (see Table 
3.4), newspaper, at 16.3 kg/person, ranked as the largest 


Table 3.2 
Recycling and Program Availability by Municipality Size and Region, 1993 
Municipal population Region 
Under 30 000 - 100 000 Atlantic Prairie B.C., Yukon 

30 000 99 999 and over Canada provinces Quebec Ontario provinces and N.W.T. 

Number of municipalities reporting 508 97 37 642 64 189 218 104 67 
percent 

Municipalities with recycling program 68 93 100 73 31 70 91 60 87 
Waste recycled 
as a proportion of total waste collected 23 16 13 16 40 9 20 13 is 
Note: 
These are preliminary figures and do not include estimates for municipalities with a population less than 5 000, which were not sampled. 
Source: 


Statistics Canada, National Accounts and Environment Division. 


Table 3.3 


Collection of Recyclable Materials by Agent Responsible, Municipality Size and Region, 1993 


Municipal population Region 
Under 30000- 100 000 Atlantic Prairie B.C., Yukon 
30 000 99 999 and over Canada provinces Quebec Ontario provinces and N.W.T. 
Number of municipalities reporting 508 97 37 642 64 189 218 104 67 


Agent responsible for collection percent of municipalities reporting 

Municipal employees only 6 5 27 7 2 3 7 13 13 
Contractors only 31 BES 46 36 11 52 44 8 Pa 
Other 25 18 11 23 14 12 30 25 40 
Municipal employees and other 1 2 3 2 3 1 5 

Contractors and other 1 5 3 2 2 2 2 3 
Municipal employees and contractors 2 6 5 3 2 1 4 6 3 
Municipal employees, contractors and other 2 5 1 2 2 1 

No program 32 Uf 27 67 30 9 40 13 
Total 100 100 100 100 100 100 100 100 100 
Notes: 


Figures may not add due to rounding. 

These are preliminary figures and do not include estimates for municipalities with a population less than 5 000, which were not sampled. 
Source: 

Statistics Canada, National Accounts and Environment Division. 
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contributor to the recyclables stream (Figure 3.2). Paper 
products as a whole accounted for 23 kg/person, or 65 per- 
cent of all recyclables. 


With respect to population served by recycling programs, 
the proportion of the total Canadian population served in- 
creased from 1990 to 1993 (see Table 3.5). Regionally most 
areas of the country reported an increase with Quebec mak- 
ing the largest gain. 


Table 3.4 
Material Collected for Recycling, 1993 


a 
Materials Composition Quantity 


kilograms 
percent per person 
Newspaper 46 16.3 
Glass containers 14 48 
Cardboard 8 2.9 
Mixed paper 8 2.7 
Metal containers 7 2.4 
Mixed metal 7 2.4 
Other materials 6 Wer 
Fine paper 3 le 
Plastic 3 0.9 
Total 100 35.1 
Municipalities reporting 451 451 
Note: 


These are preliminary figures and do not include estimates for municipalities with a 
population less than 5 000, which were not sampled, or municipalities that did not report 
the quantity of materials collected for recycling. - 

Source: 

Statistics Canada, National Accounts and Environment Division. 


Figure 3.2 
Material Collected for Recycling, 1993 
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Glass containers 
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Note: 

These are preliminary figures and do not include estimates for municipalities with a 
population less than 5 000, which were not sampled. 

Source: 

Statistics Canada, National Accounts and Environment Division. 
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Table 3.5 
Proportion of Population with Access to 
Recycling Programs, 1990 and 1993 


1990 1993 
Atlantic provinces 0.52 0.46 
Quebec 0.61 0.85 
Ontario 0.96 0.98 
Prairie provinces 0.77 0.89 
B.C., Yukon and N.W.T. 0.86 0.96 
Canada 0.80 0.91 


Note: 

These are preliminary figures and do not include estimates for municipalities with a 
population less than 5 000, which were not sampled. 

Source: 

Statistics Canada, National Accounts and Environment Division. 


Hazardous waste programs 


Across Canada, hazardous waste programs were reported 
in 290 municipalities, or 45 percent of the 642 municipalities 
surveyed (Table 3.6). Of the 290 municipalities with hazard- 
ous waste programs, 210 (72 percent) had less than 30 000 
in population. 


Fifty-four communities between 30 000 and 100 000 in pop- 
ulation reported a hazardous waste program, while 26 mu- 
nicipalities over 100000 in population reported similar 
programs. The Prairies reported the highest regional rate 
with 61 percent of municipalities surveyed reporting some 
type of program (63 municipalities). 


Of those communities reporting a hazardous waste pro- 
gram, 96 percent employ the depot system for collection 
while the remaining 3 percent used either a curbside pick- 
up program or did not specify. 


Composting and other programs 


Composting of organic wastes is one way municipalities 
can reduce the amount of waste destined for landfills. 


Table 3.7 shows that of the 642 municipalities surveyed, 
216 (34 percent) reported a compostables collection pro- 
gram. These municipalities offer residents yard waste pick- 
up during the spring and fall as well as Christmas tree col- 
lection in January. Ontario led the way in these types of pro- 
grams with 51 percent of its municipalities (111) having 
participated’. 


Municipalities also actively encourage composting pro- 
grams through sponsoring and distributing backyard com- 
posters. Across Canada 50 percent of municipalities 
surveyed reported such programs. Ontario reported the 
highest incidence with 87 percent of its municipalities dis- 
tributing backyard composters (Table 3.7). 


Many communities put a high priority on reducing the 
amount of garbage generated. As shown in Table 3.7, 
27 percent of municipalities across Canada have undertak- 


1. These figures do not include estimates for municipalities with a popula- 
tion less than 5 000, which were not sampled. 
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Table 3.6 
Hazardous Waste Programs by Municipality Size and Region, 1993 
Municipal population Region 

Under 30 000 - 100 000 Atlantic Prairie B.C., Yukon 

30 000 99 999 and over Canada provinces Quebec Ontario provinces and N.W.T. 
Number of municipalities reporting 210 54 26 290 8 84 127 63 8 

percent of municipalities reporting 

Curbside 2 - 15 3 12 2 4 1 
Depot 95 100 96 96 75 93 99 97 100 
Notes: 


Figures do not add to 100 percent as municipalities may offer more than one type of program. 

These are preliminary figures and do not include estimates for municipalities with a population less than 5 000, which were not sampled. 
Source: 

Statistics Canada, National Accounts and Environment Division. 


Table 3.7 
Other Municipal Waste Management Service Programs by Municipality Size and Region, 1993 
Municipal population Region 
Under 30 000 - 100 000 Atlantic Prairie B.C., Yukon 
30 000 99 999 and over Canada provinces Quebec Ontario provinces and N.W.T. 
Number of municipalities reporting 508 S77. 37 642 64 189 218 104 67 
percent of municipalities reporting 
Compostables collection 27 51 76 34 20 25 51 25 28 
Distribution of backyard composters 46 62 76 50 22 32 87 19 60 
Waste composition studies 24 35 46 27 45 22 24 29 33 
Public education programs 50 76 89 56 52 42 70 54 58 
Note: 
Mesacrol preliminary figures and do not include estimates for municipalities with a population less than 5 000, which were not sampled. 


Statistics Canada, National Accounts and Environment Division. 


en waste composition studies to determine how to reduce Nationally, the proportion of the Canadian population 
waste. More than half of the municipalities surveyed (56 per- served by recycling programs increased from 1990 to 1993. 
cent) also provide public education programs designed to pro- This result underlines the importance of this kind of survey, 
mote waste reduction at the residential level. Both of these since it provides a gauge to the progress being made with 
initiatives are important steps towards effective waste man- respect to residential waste management practices across 
agement. Canada. Plans are underway to conduct this survey on a 


regular basis. 


Conclusion 

References 
One of the most effective ways to limit the amount of waste 
being discarded is through the implementation of the 3Rs - re- Statistics Canada, 1993, “Local Government Waste 
duce, reuse and recycle. Canadians appreciate that there are Management Practices Survey’, Environmental 
limits to how much garbage the environment can absorb, as Perspectives 1993: Studies and Statistics, Cat. 
well as how much of the environment they are willing to sacri- No. 11-528E, Ottawa. 


fice for waste disposal purposes. 
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4 Measuring Ontario’s 
Timber Resource 


by Rick Moll and Greg Lawrance 


Introduction 


The physical timber resource stock account described in 
this chapter is one of a number of resource stock accounts 
being developed by Statistics Canada. These accounts will 
form an environmental component of the Canadian System 
of National Accounts, the major statistical framework for the 
measurement of economic activity in Canada. The purpose 
of this component is the measurement of the effect and de- 
pendence of economic activity on the environment. Four 
groups of accounts are being developed to cover natural re- 
source stocks, natural resource use, waste or pollutant out- 
put and environmental expenditure. 


The development of timber resource stock accounts started 
with an Ontario pilot project, carried out with the assistance 
of the Ontario Ministry of Natural Resources (OMNR). The 
first phase of this project, construction of historical time se- 
ries estimates for forest stock data, is complete. 


Physical account 


The physical accounts estimate a series of yearly stock data 
which show the area covered by accessible and potentially 
commercial forest land and describe the volume, age and 
species composition. The change in these stocks from year 
to year and the reasons for this change, such as growth, 
harvest, natural loss or change in land use, are also pre- 
sented. The physical accounts are based on forest invento- 
ries produced by the province. These inventories are 
carried out periodically for different land bases so that stock 
data are not available as a time series. To obtain a time se- 
ries for the accounts, missing years’ data are estimated by 
using a model which starts with inventory data for a year 
and simulates the impact of growth, harvesting, natural loss 
and other changes. 


The physical accounts show the evolution of forest land 
over an historical time period: 1953 to 1991. This type of 
simulation is similar to a wood supply analysis done by the 
provincial managers of the forest. The data in the physical 
accounts are not limited to a description of timber or the pro- 
duction forest, but could cover all forest land. Other informa- 
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tion that could be included are details of ownership, use, or 
accessibility. 


Timber resource accounting 
structure 


The Ontario timber resource account involves the develop- 
ment of a simulation framework, STCMacroForest, which 
is conceptually similar to a population model (Moll, 1992); it 
evolves an age-distributed stock (area) of forest land over 
time and is classed as a positive linear systems model (Lu- 
enberger, 1979). 


STCMacroForest for Ontario distinguishes twenty four dis- 
tricts that contain productive stocked and nonstocked non- 
reserved forest land. Stocked forest land (Haddon, 1988) is 
land supporting tree growth which in this context includes 
seedlings and saplings. Nonstocked forest land (Haddon, 
1988) is productive forest land that lacks trees completely 
or that is so deficient in trees the residual stand of mer- 
chantable tree species will be insufficient to allow utilization 
in an economic operation. Within. each district, the frame- 
work distinguishes three cover types (coniferous, mixed- 
wood and hardwood) and 180 single year age classes. 


STCMacroForest attempts to integrate the processes of 
fire, mortality, harvesting, aging, natural and artificial (plant- 
ing) regeneration with the forest inventory data over a his- 
torical period 1953 to 1991. This period was originally 
chosen because the Ontario 1953 Forest Resources Inven- 
tory (Ontario FRI, 1953) provided the only initial condition 
for the simulation. However, this inventory did not provide a 
numerically defined age class distribution. A first attempt to 
calibrate the model used an assumed age class distribution 
derived from the aggregate maturity classes given in the 
1953 FRI. However, using these initial conditions the 1991 
target age class distribution was not met, therefore, a dif- 
ferent approach was adopted. First, a 1953 inventory is es- 
timated by running the simulation model backwards. Using 
the estimated 1953 age class distribution, as the initial con- 
dition, the model was ran forwards to meet the desired 1991 
data points. This method will be described in more detail in 
the section entitled model validation. 


The 1991 Ontario FRI was used as the end point of the sim- 
ulation. The 24 districts used in the 1953 FRI were the basis 
of the geographic detail of the simulation model. These 
boundaries were maintained because most of the change 
data conforms with this spatial resolution. 


The following are the main factors which give rise to chang- 
es in the simulated forest stock over time: 


¢ growth and endemic mortality due to disease and in- 
sects are absorbed in the volume per hectare as a 
function of age (empirical yield curves); 


* catastrophic stand mortality due to fire (fire rates); 
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* annual volume harvested given by cubic metres of 
softwood and hardwood roundwood; 


* aging and natural regeneration after fire; and 


° artificial and other natural regeneration. 


These factors will be described in more detail in the follow- 
ing sections. First, the input and output variables are de- 
fined together with the structure of the calculation sequence 
during a year of the above mentioned processes. 


Time loop structure 


Figure 4.1 outlines an overview of the calculation sequence 
of STCMacroForest. The inputs and outputs associated 
with the processes of fire, mortality, adjustment for parks, 
harvesting, aging and regeneration are shown. These show 
the order in which the calculations are performed during one 
year of the accounting period. As can be seen from Figure 
4.1 the stocked forest land at the start of a period is adjusted 
for loss due to fires and natural mortality. Forest land area 
which became parkland is also removed from the exploit- 
able forest land base. The surviving stocked forest land is 
input to the harvesting calculation where the annual round- 
wood production (m? of timber) is translated into area har- 
vested from the stocked forest land. 


It is assumed that area burned regenerates as the same 
cover type. This is modeled by burned area regenerating in 
the first age class at the start of the subsequent year. Mor- 
tality is simulated by the disappearance of the area in the 
oldest age class each year. This area is spread equally over 
all other age classes to approximate the natural growth of 
an understorey. The harvesting algorithm assumes that the 
harvest area cut is met by proration of the cut according to 
the distribution of the potential volume of timber in the allow- 
able age classes. Harvesting of two wood types: “softwood” 
and “hardwood” may be performed in three cover types. 


In the last block newly harvested area regenerates either by 
planting or natural regeneration. Regeneration of non- 
stocked forest land also occurs at this stage. Finally, the 
stocked forest land is aged by shifting area from each age 
class to the next oldest age class. The year index is incre- 
mented and the calculations are repeated for as many years 
as there are in the simulation time horizon. In the next sec- 
tions the processes of fire, mortality, harvesting, aging and 
regeneration will described in more detail. 


Indices and Sets 


The algebraic idiom of multi-dimensional arrays is used to 
represent the data objects which comprise the inputs and 
outputs of the accounting framework. First the stratification 
of each dimension is defined by describing the elements of 
each set as shown in Text Box 4.1. Sets are fundamental 
building blocks and allow a model to be succinctly stated. 
The sets describe the level of disaggregation while provid- 
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Figure 4.1 
Time Loop Structure 
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ing a notation for indexing. The elements in a set (titleset) 
are the labels. 


Forest fires, mortality and parks 


In Figure 4.1, three adjustments to the forest land stock dur- 
ing a period of the simulation year are represented. In the 
first block these are reductions of stocked productive forest 
due to fire, natural mortality and newly created parks. 
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Text Box 4.1 
Titleset Definitions 


Index Titleset elements Titleset name Dimension 
1953-1991 years 
1 to 180 age class180 


coniferous 
mixedwood cover types 
hardwood 


North Bay 
Timiskaming 
Cochrane 
Kapuskasing 
Geraldton 
Thunder Bay 
Pembroke 
Parry Sound 
White River 
Sudbury 
Sault Ste. Marie 
Chapleau 
Gogama 
Fort Frances 
Kenora 
Sioux Lookout 
Kemptville 
Tweed 
Lindsay 
Lake Simcoe 
Lake Huron 
Lake Erie 
PEA East 
PEA West 


districts 


softwood wood type 
hardwood 


Forest land is updated for fire by decreasing the inventory 
according to historical fires. Fire rates are available for the 
years 1953 to 1991 and were obtained for each of the 24 
districts. At the ‘provincial level’ the fire losses for 1953 to 
1991 demonstrate considerable variability. The significance 
of 500 000 hectares of forest burned in one district (Sioux- 
Lookout) in one year by an unknown number of fires is not 
demonstrated. Fires of this size will have a considerable im- 
pact on the future age class distribution of the forest. Fire 
data are not available on a cover type- or age- specific ba- 
sis. The fire rates were calculated for each year and district 
as a percentage of the area burned to the total forest land 
area for that district. These rates were then applied uniform- 
ly foreach age class and cover type of the forest land stock. 
The area burned stratified by age, cover type and district is 
subtracted from the stock. The area burned is summarized 
by cover type and district and regenerated in the youngest 
age class at the start of the subsequent year. 
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The surviving stocked forest land is input to a mortality proc- 
ess where the area of forest which reaches the oldest age 
class (180 years) is assumed to die naturally. Then the for- 
est land inventory is adjusted for transfers to park land. A 
historical time series of park land additions is known by dis- 
trict and this series is pro-rated according to the age class 
and cover type distribution of forest land for each year. 


Harvesting 


In Figure 4.1 the second process represents how the histor- 
ical production of roundwood (softwood and hardwood) are 
translated into area harvested so that the forest land stock 
can be adjusted each year. The forest is cut according to 
historical data for roundwood production volume (cubic me- 
tres). Two types of roundwood volume were provided as in- 
put to the harvesting algorithm: softwood and hardwood. In 
this accounting framework, 75 percent of the softwood vol- 
ume was harvested from “coniferous” and 25 percent from 
“mixedwood” stands. All the hardwood volume was met by 
harvesting from the “hardwood” cover type. First, the poten- 
tial volume for softwood timber in the two cover types “co- 
niferous” and “mixedwood” is calculated by multiplying the 
unit volume per hectare yield for softwood timber by the for- 
est land area and summing over the selected allowable age 
classes. These are the ages from which harvesting may oc- 
cur and are called the limits of operability. This is the period 
in the stand’s development when there is sufficient volume 
so that they may be economically harvested. For softwood, 
the age class range from which harvesting can occur was 
60-180 years. 


Similarly, the potential hardwood volume was calculated by 
multiplying the forest land area in hardwood cover type by 
the unit volume per hectare for hardwood wood type in 
hardwood cover type and summing over the age classes 50 
to 180. Harvesting of younger hardwood stands was al- 
lowed. Then the ratio of roundwood produced to the poten- 
tial volume that could be harvested was calculated. This 
proportion (harvest ratio) was used to determine how much 
area of forest needed to be cut to satisfy the production in 
each year. In other words the harvest was allocated across 
age classes by the proportion of the wood produced to the 
total potential volume in each cover type. 


An allowance of three percent of annual area harvested was 
made for the construction of roads in the forest. Stocked 
productive forest land is therefore reduced by three percent 
of the area harvested each year since newly created roads 
are not regenerated as stocked forest land. 


After harvesting recently cut land is aggregated each year 
by district and cover type by summing the area cut over 
wood type and the age classes in which harvesting was 
permitted. This forest land is then passed to the final block 
which represents the regeneration process. 
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Aging and natural regeneration of burn 
and mortality 


Aging of the forest, natural regeneration due to fire and nat- 
ural mortality are represented in the last block of Figure 4.1. 
It is assumed that regeneration occurs immediately after 
both fire and natural mortality. 


Natural regeneration of depletions due to fire are achieved 
by updating the first age class of stocked forest land at the 
start of the next simulation year. First the area burned is 
summarized by cover type and district in each year. Then 
the stocked forest land in age class 1 for year k+7 is updat- 
ed by the area burned during year k. It is assumed that the 
area regenerates to the same cover type after a burn. 


Forest that died during year kis regenerated in the following 
way. Rather than regenerating this area in age class one at 
the start of the next year this area is distributed amongst the 
age classes 1 to 179 according to the current age class and 
cover type distribution. The reasoning behind this is that in 
a stand mortality is not an abrupt process. Trees do not die 
off as soon as they reach 180 years. There is mortality in the 
stand and regeneration in the form of an understorey is al- 
ways present. In order to capture this natural evolution of 
the forest stand the 180 year old age class is allocated 
amongst the other age classes. 


The remaining age classes of the stocked forest land are 
aged by one year. This simple process is due to the single 
year representation of the age class structure of the forest. 


Artificial and natural regeneration of cut 


Natural and artificial regeneration of recently harvested and 
previously nonstocked forest land is represented by the last 
block. Area which naturally regenerates is distinguished 
from artificial regeneration through planting by multiplying 
by the natural regeneration share. A 50 percent natural re- 
generation rate is assumed. The regeneration rates for both 
newly cut forest land and previously nonstocked forest land 
determine how fast these area types regenerate. The re- 
generation rate for newly cut land was 0.7 and that for non- 
stocked .01. In other words the nonstocked land slowly 
regenerates to stocked whereas the new cut land regener- 
ates quickly. 


Succession in regeneration is represented by distinguishing 
the probability of transition to different cover types after har- 
vest and planting. Data on regeneration after harvest and 
planting were available (Hearnden, Wilson and Millson, 
1992) and absorbed in two regeneration transition matrices; 
one for natural regeneration and one for planting. The re- 
generation transition matrices are dimensioned 3 cover 
types by 3 cover types indicating by row the propensity of 
regenerating from one cover type to another. 


The nonstocked forest land for beginning of year k+7 is up- 
dated by including the proportion of newly cut forest which 
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will be nonstocked plus the surviving nonstocked forest land 
from the end of the previous year k. 


Finally, stocked forest land is updated at the beginning of 
year k+7 in age class 1 for natural and artificial regenera- 
tion of harvested and nonstocked forest land during year k. 


Data preparation 


The final results of the project depend on the quality of data 
used by the model. This section focuses on describing the 
origin and characteristics of the different data used by the 
project, and some of the processing necessary to prepare 
the data for model input. Considerable effort was necessary 
to recode and format data for input into the model structure. 
The principal difficulty encountered was obtaining input 
data for each of the model's input variables referenced to 
common geographic areas for the 40 years. 


Geographical units 


Selection of the appropriate levels of spatial, temporal and 
categorical resolution for model elements and data is diffi- 
cult. Compromises in the form of aggregation are necessary 
because not all data are available for the same geographic 
areas, in the same format, over the entire time period. 


Although provincial estimates are the objective of the 
project, the spatial dependencies of much of the data (e.g. 
yield, fire, harvest) suggested that modeling at the sub-pro- 
vincial level and aggregating up to a provincial total would 
produce more accurate results than modeling at the provin- 
cial total level. 


OMNR divides the province into a number of geographically 
defined management units for the purpose of preparing re- 
source plans. These management units form the statistical 
frame for the collection and reporting of the majority of data 
pertaining to the resource. 


Similarly, in order to efficiently coordinate forest resource 
management, the province aggregates management units 
into geographically defined regions, districts, and areas. 
Like the management unit, these administrative units are of- 
ten used to define the frame for data collection and report- 
ing. Neither the management unit nor administrative 
boundaries have remained stable over the entire period of 
the historic account. 


The geographic boundaries with the most longevity during 
the 40 years of the account were those of the 22 districts of 
the Lands & Forest (L&F). These boundaries also coincided 
well with early forest inventory data which could be used as 
a test against the simulation model results. 
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1991 Canada Forest Inventory 


The original project plan was to use a composite 1953 in- 
ventory of the province as a starting point for the time series 
and evolve to the 1991 Canada Forest Inventory (CanFl) of 
Ontario. 


The project now exclusively uses the Canada Forest Inven- 
tory (CanFl) for Ontario, maintained by the Canadian Forest 
Service. This inventory is a collection of over 100 invento- 
ries of different parts of Ontario, conducted by the provincial 
and federal governments over a time-span of 25 years. 


The majority of the inventories which comprise the CanFl 
for Ontario were originally carried out to facilitate resource 
planning on geographically defined management units. 
These management unit inventories, known as forest re- 
source inventories (FRI), are conducted at approximately 
20-year intervals. This means that the average age of the 


Figure 4.2 
1991 Canada Forest Inventory 
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inventories held in the CanFl is close to 10 years. Unfortu- 
nately, the names and boundaries of the management units 
are frequently changed so it is very difficult to track the state 
of the resource through time. 


For the purposes of the account the CanFl recorded area, 
and softwood and hardwood net merchantable volume over 
24 districts, 3 broad cover types (coniferous, mixedwood or 
hardwood) and nine 20-year age classes. The inventory 
area classification may be represented hierarchically as 
shown in Figure 4.2. Out of a total area of forest land of 57.4 
million hectares 41.9 million were timber productive and 
15.5 million timber unproductive. The timber productive for- 
est land was further broken down into reserved (1.5 million 
hectares) and nonreserved (35.3 million hectares). The 
nonreserved stocked and nonstocked timber productive for- 
est land areas were used in the simulation model. These 
area classifications are shaded in the hierarchy shown in 
Figure 4.2. 


Non forest land 
Timber 
unproductive 


Stocked Stocked 


age 180 


age 180 
age 179 
Mixedwood 
age 178 
\ 


Coniferous 
age 178 


S 


Coniferous 
age 1 


Environmental Perspectives 


age 180 


age 179 
Hardwood 
Mixedwood 
age 1 


N 


» 
SS 


Hardwood 
age 1 


age 178 


Statistics Canada - Cat. No. 11-528E, No. 2 37 


Measuring Ontario’s Timber Resource 


Digital map creation 


Since district specific data were not available, a means to 
convert to and from this geographical level of detail was 
necessary. A digital map of the 22 districts was developed, 
supplemented by two additional northern districts (PEA! 
East & West), using various background coverages* and 
hard-copy inventory maps for guidance. CFI data is refer- 
enced to an irregular geographic grid which divides the 
province into approximately 4 500 cells. These data were 
aggregated to the 24 districts through a process of overlay- 
ing the boundaries of the districts on the centroids of the CFI 
cells. A cross-reference table linking the cells to the districts 
was then created and used to aggregate the cell level data 
up to a district level using a relational database. 


Forest fire data 


The simulation framework required estimates of area by 
cover type and age consumed by fire in each district/region 
during a year. The following notes detail the availability of 
data over the modeling period: 


1953-55: Volume of standing timber burned (cu.ft), and its 
value, was recorded in the annual statistical reports, by 
each of the 22 districts. Using these volume loss estimates 
the provincial area burned was apportioned among districts. 
Provincial estimates (1951-1961) of the distribution of the 
area burned by cover types and land classes (e.g. non-for- 
est, cutover, plantation) were used to reduce the area 
burned statistics by 6 percent (to account for non-forest 
area burned) and to estimate the portion of the area burned 
occurring in stocked forest (79%) versus nonstocked forest 
(21%). 


1955-72: Area burned in each of the 22 L&F districts was re- 
corded in the annual statistics. These statistics do not clas- 
sify the area burned by cover type or land class, 
assumptions derived from 1951-61 data, were used as stat- 
ed in the previous section. 


1973-91: Data for area burned in each of 8 regions were 
available. The area burned in the three northern regions 
were reduced because the extent of forest inventory used 
by the model is south of the northern boundaries of these 
regions. This was done by applying a factor to the area 
burned statistics equal to the total area burned in the inten- 
sive and measured zones relative to the regional total, 
based on a twelve year average (1976-88). 


Yield tables 


Yield tables establish the yield, usually in volume, which an 
area of forest normally provides at a given age. Yield tables 


1. Potentially Exploitable Area 
2. Coverage = digital map file used by a geographic information system 
(GIS). 
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were created using empirical methods to determine the av- 
erage volume yield of softwood and hardwood woodtypes 
for three regions in Ontario (north, central and south) as 
shown in Figure 4.3. These tables provide the connection 
between the harvest volume (data) and the area harvested. 
Volume at individual ages was determined by interpolation 
of the 20 year age class data using a cubic spline function. 


Figure 4.3 
Average Volume Per Hectare 
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Harvesting data 


It was difficult to obtain accurate, comprehensive harvest 
data. Problems included: incomplete time coverage, no 
coverage of private wood, non-convertible units, no geo- 
graphic labelling or changing geographic framework, incor- 
rect values from mis-reporting or poor measurement unit 
conversion, and no specification of method of harvest. 
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The following principal sources of harvest data were ex- 
plored: timber management planning annual reports, timber 
scaling and mill license returns. 


Regeneration data 


Post fire regeneration is represented by an immediate re- 
turn of the stock affected to an age class of zero. Post har- 
vest regeneration is predicted based on success rates 
found by a regeneration survey for the Ontario Independent 
Forestry Audit (Hearnden, Wilson and Millson, 1992). The 
regeneration transition matrices shown by tables 4.1 and 
4.2 provide success rates for artificially assisted or naturally 
occurring regeneration. The accuracy of the regeneration- 
predictions are subject to the assumption that changes in 
harvesting methods, stock, regeneration method, sites and 
climatic condition have no effect on regeneration predic- 
tions. 


Table 4.1 
Planting Regeneration Transitions 
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Model validation 


Traditional model validation involves devising a test that the 
model, if false, would fail to pass. If the model fails the test 
then it must be rejected. If it passes, then a more stringent 
test should be devised and so on until the degree of valida- 
tion is satisfied . The model is accepted if it explains all the 
facts. In other words there is always a degree of subjectivity 
in model validation in deciding when to stop testing its valid- 
ity. 

In the next section the procedures used for validating the 
simulation framework are briefly described. A method of re- 
constructing the forest inventory by backward simulation of 
the 1991 inventory is outlined. A closeness criterion was de- 
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termined by comparing the graphed age class distributions 
for the simulated and actual inventories. 


Estimation of 1953 age class distribution 
by reverse calculation method 


It was necessary to establish an initial condition from which 
to commence the simulation. It was originally intended that 
the initial condition would be based on the 1953 inventory. 
Unfortunately, it categorized the forest into broad maturity 
classes. While an attempt was made to convert the maturity 
classes into numerical age classes, an age class distribu- 
tion which would provide an adequate initial condition could 
not be reached. 


As an alternative, the model was rewritten to run in reverse 
and derive an initial condition from the 1991 inventory. The 
reconfiguration proved somewhat problematic since many 
of the processes in the model require a cover type, age 
class distribution to predict the changes which will take 
place in a period. For example, the fire losses in any one pe- 
riod are spread amongst the cover types and age classes 
according to their relative occurrence in a district. The cover 
type, age classes distribution at the end of year k+7 was 
shifted backwards one year and used as a substitute for the 
distribution for the beginning of a year k. . 


Another difference in the reverse-order model is the han- 
dling of the fire regeneration. When a fire occurs in the for- 
ward stepping model the area burned is placed in the first 
year age class at the start of the next period. The direct op- 
posite would be to remove all of the area burned from this 
first age class and distribute it amongst the other ages. In 
the case of large fires this may not be feasible where there 
is inadequate area in the first year age class to cover the 
fire loss. To avoid this difficulty the reverse-order model 
takes area from all of the first 20 age classes. Since the ar- 
eas in the single-year age classes were originally taken 
from an inventory which grouped them into 20 year classes, 
this is a reasonable solution. These slight differences in the 
forward and reverse models mean that there are some dif- 
ferences in the original 1991 and the predicted 1991 inven- 


tory. 


Results 


The physical accounts are a series of year end stock data 
showing the area and volume of forest land as provincial to- 
tals. The stock data, which include both the growing stock 
in cubic metres and the forest land area, are estimated by 
cover type. The changes to these stocks from year to year 
and the reasons for this change, such as growth, harvest, 
natural loss due to fire and mortality, change in land use due 
to area withdrawn for roads or parks are summarized in the 
next sections as provincial totals. 
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Growing stock 


One indicator of forest development is total growing stock, 
calculated as the product of the area of forest and the yield, 
net merchantable volume per hectare. Yield tables are de- 
rived as a function of age for both softwood and hardwood 
woodtypes specific to the cover type defined. Figure 4.4 
shows the total growing stock (cubic metres) by three cover 
types for the historical period 1953 to 1991. These derived 
data are the result of simulating the changes to the estimat- 
ed 1953 inventory over the 38 years which constitute the 
simulation time horizon. 


As can be seen from Figure 4.4 a shortfall of about 200 mil- 
lion cubic metres is predicted for 1991. This results from the 
prediction of a younger forest with lower volumes per hec- 
tare. Also, as discussed in the next paragraph, the predicted 
forest broken down by cover type is different from the 1991 
inventory. More mixedwood cover type area is predicted 
which has a lower volume per hectare than the coniferous 
forest type. 


Figure 4.4 
Growing Stock by Cover Type 
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Note: 
The points are the 1991 Canada Forest Inventory, Canadian Forest Service. 


The stocked forest land area over time, as depicted by Fig- 
ure 4.5, reveals a discrepancy between the end point of the 
simulation (1991) with the actual data points for the 1991 in- 
ventory. However, the difference between the total 1991 in- 
ventory in area and that projected from the model is small. 
This discrepancy is a result of assuming that forest area 
burned or died regenerates to the same cover type and that 
the regeneration transition matrices are not defined on a 
district basis. These regeneration assumptions will intro- 
duce error over time in the distribution of forest land by cov- 
er type. 
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Figure 4.5 
Stocked Forest Land Area 
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Note: 
The points are the 1991 Canada Forest Inventory, Canadian Forest Service. 


Fire loss 


The randomness of forest fires from year to year is seen in 
Figure 4.6. Catastrophic fires occurred in 1961 and 1980. 
The variability of these disturbances becomes visible in the 
age class distribution of the forest originating as large re- 
generated areas in the first age class as shown by Figure 
4.7. 


Figure 4.6 
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Figure 4.7 
Age Class Structure of Forest, 1991 
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Mortality 


Natural mortality is represented by assuming that the area 
of the oldest single year age class (180 years) dies. The 
pattern of mortality seen in Figure 4.8 displays the volume 
of forest that is lost to mortality over the historical period 
1953 to 1991. The drop in mortality for both mixed and hard- 
wood cover types is explained as a result of the way in 
which the age class structure evolves over time. Since mor- 
tality is represented in the model as all area that reaches the 
oldest age class, discontinuities in the age class structure 
will be reflected in the shape of the mortality curve. 


Discontinuities in the age class structure in this framework 
arose because a single year age class distribution was cre- 
ated from twenty year age classes. Therefore, these drops 
in mortality are in part an artefact of the model structure. 
The abruptness of this effect was smoothed by running the 
time series through a simple linear time invariant filter (a 
convolution filter). 
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Figure 4.8 
Volume Lost to Mortality 
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Roads and parks 


Each year a certain amount of stocked productive forest 
land is withdrawn from the exploitable landbase. The first 
withdrawal is the creation of new parks. The second with- 
drawal is the roads required for harvesting. Three percent 
of the area harvested was used as the proxy for logging 
roads. Figure 4.9 shows the volume of forest withdrawn for 
parks over time. The trend suggests that forest set aside for 
parks has increased considerably recently. 


Figure 4.9 
Volume Withdrawn for Parks 
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Harvesting 


As mentioned in the data section of this report, harvesting 
volume time series for two wood types: softwood and hard- 
wood were reconstructed for the 24 districts from several 
provincial sources. Figures 4.10 and 4.11 show the provin- 
cial total volume and area harvested respectively. 


Figure 4.10 
Volume Harvested by Woodtype 
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Figure 4.11 
Forest Land Area Harvested 
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Nonstocked forest land 


In Figure 4.12 the time path of nonstocked forest land by 
cover type is shown. A decline in overall nonstocked forest 
land is seen in Figure 4.12. The points signify the 1991 data 
points of total provincial nonstocked forest land by cover 
type. The plotted lines indicate the result of simulating this 
nonstocked variable over the period 1953 to 1991. 


Figure 4.12 
Nonstocked Forest Land Area 
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Timber volume and area account 


The physical stock/flow accounting for Ontario net mer- 
chantable timber volume is shown in Table 4.3: 


Closing Stock = Opening Stock - Volume Lost (due to har- 
vest, fire, mortality and roads and parks withdrawals) + Net 
Growth. 


Where net growth is imputed from the identity: 


Net Growth [k] = Growing Stock [k+1] - Growing Stock [kj - 
Fire Volume Lost [k] - Mortality Volume Lost [k] - Volume 
Withdrawn for Roads/Parks [k] - Harvest Volume [Kk]. 
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Table 4.3 
Ontario Timber Resource Volume Account 


Opening Harvest Fire Mortality Parks Roads Growth Closing 


Year stock stock 
thousand cubic metres 

1953 2892058 11081 3695 20668 - 332 47442 2903724 
1954 2903724 12099 3464 20632 - 363 47509 2914675 
1955 2914675 12360 15217 20720 3) 371 47934 2913937 
1956 2913937 11083 11308 20730 - 332 48307 2918791 
1957 2918791 10217 4253 20815 1315 307 48716 2930602 
1958 2930602 11434 3937 20837 49 343 48729 2942732 


1959 2942732 11452 2839 20873 232 344 48927 2955919 
1960 2955919 11049 3975 20909 165 331 49201 2968691 
1961 2968691 11187 55319 20952 = 336 49621 2930518 
1962 2930518 11698 3096 21002 S 351 49523 2943 895 
1963 2943895 12251 4585 21055 374 368 49583 2954 845 
1964 2954845 12684 3659 21108 2465 381 49612 2964 160 
1965 2964160 13261 3332 21162 169 398 49678 2975516 


1966 2975516 14127 3076 21221 70 424 49645 2986 244 
1967 2986244 13400 4847 20620 1489 402 49191 2994677 
1968 2994677 13059 2891 19967 66 392 48625 3006 927 


1969 3006927 13289 2777 19304 7512 399 47831 3011477. 
1970 3011477 14759 4753 18636 6260 443 46666 3013292 
1971 3013292 14354 3850 17954 539 431 48193 3024 357 
1972 3024357 16169 5466 17266 38 485 47201 3032 134 
1973 3032134 18093 160 16570 1159 543 46058 3041 667 
1974 3041667 18384 20291 15868 1315 552 45287 3030544 
1975 3030544 12282 948 15 167 254 368 45493 3047017 
1976 3047017 16830 14766 15145 131 505 44491 3044 131 
1977 3044131 19744 2918 15153 78 592 43783 3049 430 
1978 3049430 17064 470 15165 = 512 44111 3060330 
1979 3060330 19051 3210 15175 284 572 43701 3065 740 
1980 3065740 18598 42588 15164 280 558 43706 3032 258 


1981 3032258 19194 3603 15152 - 576 43406 3037 139 
1982 3037139 16323 253 15140 16 490 43721 3048639 
1983 3048639 20393 26740 15128 34238 612 42507 2994035 
1984 2994035 23116 1123 15 112 = 693 41965 2995 956 
1985 2995956 22244 79 15100 8511 667 41766 2991 120 
1986 2991120 22769 5/771 15 087 - 683 41541 2988 350 
1987 2988350 22542 2627 15074 - 676 41451 2988 881 
1988 2988881 22542 6508 15 115 - 676 41415 2985 455 
1989 2985455 23051 1169 15155 29833 692 40780 2956 335 
1990 2956335 19872 340 15032 - 596 41047 2961 543 
Sources: 


Statistics Canada, Canadian Forest Service and Ontario Ministry of Natural Resources. 


Finally, the forest land area account is shown in Table 4.4 
This states the opening stock in thousand hectares of non- 
reserved stocked timber productive forest land and the are- 
as harvested, lost to fire and mortality together with area 
withdrawn from this landbase due to parks and construction 
of logging roads. 


The next column gives the area regenerated due to planting 
or natural means and the closing stock for nonreserved 
stocked timber productive forest land. The closing stock of 
timber productive park land which is also nonreserved and 
timber productive is shown. The final column provides the 
closing stock for the nonreserved timber productive forest 
land which is nonstocked. 
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Discussion 


Forest inventory and timber resource 
accounting 


The primary purpose of the simulation modeling efforts in 
this project was to estimate a physical, historical time series 
of Ontario’s forest estate. If the estate had been fully inven- 
toried on a regular basis, and all of the changes from both 
natural events and human interventions were estimated 
and recorded, simulation would not have been necessary. 


The past 30 years has seen the arrival of a number of key 
technologies for updating and maintaining forest invento- 
ries. These new technologies include: computerized data- 
bases, satellite imagery, geographic information systems, 
and global positioning systems. Through the application of 
these technologies, inventories are becoming more current 
and comprehensive every year. It is now easy to envision 
inventory information which is no more than a year or two 
out of date at anytime. 


Original forest inventories in Ontario are currently updated 
at district and area offices on a five-year recurring basis for 
the purpose of management planning. Unfortunately, these 
updated inventories are rarely aggregated back to a provin- 
cial level due to differences in standards, computing envi- 
ronments and inventory boundaries. Work on provincial 
data management and information systems now underway 
should make provincial compilations simpler and easier. 


The 1991 CanFl, used by this project, is compiled on a five 
year cycle from original provincial forest inventories which 
are anywhere from 1 to 20 years old. It should be possible 
to replace the entire Ontario 1991 inventory with a com- 
plete, updated inventory for the province on the five year 
CanFl cycle once the new data management systems are 
in place. By using CanFl data for resource accounting it will 
not be necessary to predict more than four years in advance 
to have annual inventory estimates. This will keep diver- 
gence between estimates from the model and the inventory 
to a minimum. 


Change data 


The other side of forest resource accounting is tracking the 
changes which occur to the forest. The compilation of har- 
vest and artificial regeneration statistics is improving in On- 
tario, with documentation requirements for timber 
management plans and the environmental assessment 
driving the process. However, the aggregation of these sta- 
tistics to a provincial level and the estimation of changes 
due to natural regeneration, growth, mortality, pest infesta- 
tions and other natural disasters needs improvement. 


The information now available at the provincial level within 
the National Forestry Database is similar to that required for 
resource accounting. It would make an excellent starting 
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Table 4.4 
Ontario Timber Resource Area Account 
Nonreserved Harvest Fire Mortality Parks Roads Regeneration Nonreserved Parks Nonstocked 
opening closing closing closing 
Year stock stock stock stock 
thousand hectares 
1953 36 144 113 49 169 3 361 36 170 915 3 489 
1954 36 170 124 47 169 4 367 36 194 915 3 461 
1955 36 194 127 191 170 4 514 36 217 915 3 435 
1956 36 217 114 143 170 3 455 36 242 915 3 406 
1957 36 242 105 57 170 16 3 362 36 253 932 3 376 
1958 36 253 117 53 TA 4 368 36 276 932 3 349 
1959 36 276 117 40 171 4 355 36 296 935 3 322 
1960 36 296 113 54 172 3 366 36 318 937 3 295 
1961 36 318 115 672 172 3 985 36 341 937 3 268 
1962 36 341 120 43 171 4 359 36 363 937 3 243 
1963 36 363 126 62 171 5 4 383 36 378 942 3219 
1964 36 378 130 51 172 30 4 375 36 366 972 3 197 
1965 36 366 135 47 172 2 4 375 36 381 974 3176 
1966 36 381 144 44 173 1 4 380 36 395 975 3 158 
1967 36 395 137 66 174 19 4 397 36 392 994 3 138 
1968 36 392 133 42 175 1 4 370 36 407 995 3117 
1969 36 407 136 40 175 93 4 371 36 330 1 088 3 098 
1970 36 330 153 66 176 74 5 410 36 267 1 162 3 082 
1971 36 267 148 53 130 uf 4 348 36 273 1 168 3 065 
1972 36 273 167 73 127 5 379 36 280 1 169 3 052 
1973 36 280 187 2 127 13 6 324 36 269 1 182 3 044 
1974 36 269 189 267 127 15 6 591 36 256 1 197 3 036 
1975 36 256 126 11 127 3 4 285 36 269 1 200 3016 
1976 36 269 173 196 127 2 5 507 36 273 1 202 3 005 
1977 36 273 203 “e3) 127 6 370 36 271 1 203 3001 
1978 36 271 176 6 128 5 319 36 275 1 203 2991 
1979 36 275 195 42 128 6 371 36 272 1 206 2985 
1980 36 272 191 559 128 3 6 884 36 270 1 209 2978 
1981 36 270 195 49 127 6 377, 36 270 1 209 2973 
1982 36 270 165 3 127 5 307 36 276 1 209 2961 
1983 36 276 206 376 127 447 6 712 35 826 1 657 2 958 
1984 35 826 232 15 126 7 371 35 817 1 657 2 960 
1985 35 817 224 1 126 101 7 350 35 709 1758 2 960 
1986 35 709 229 83 126 7 437 35 701 1 758 2 962 
1987 35 701 227 34 126 7 387 35 693 1 758 2 963 
1988 35 693 227 90 127 i 443 35 685 1 758 2 964 
1989 35 685 233 13 127 390 7 371 35 285 2 148 2 966 
1990 35 285 202 5 126 6 336 35 283 2 148 2 962 
Sources: 


Statistics Canada, Canadian Forest Service and Ontario Ministry of Natural Resources. 


point and would provide the provinces with a means of mak- 
ing this information available to a wider audience with mini- 
mal effort. 


Conclusion 


The modeling methodology was successful in resolving a 
time series estimate of the physical stock of Ontario’s forest 
estate over the 38 year historical period. Despite the flexi- 
bility of the modeling software considerable effort was re- 
quired to transform and translate the raw data available into 
the structures necessary for simulation. In the opinion of the 
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authors, the resolution of the model and its outputs repre- 
sent the best compromise given the resources and data 
available. 


It is difficult, to ascertain the accuracy and reliability of the 
estimates generated because of the complexity of the mod- 
el, the number of assumptions required and the unavailabil- 
ity of additional independent data. 


Over the 38 year period the total forest stock increased to 
3.07 million cubic metres in 1980 and then declined to 2.98 
million cubic metres in 1990. This change in stock level de- 
pends on several factors. Evolution of the age class distri- 
bution shows a decrease in volume in the older age 
classes. By 1990 the total growing stock is distributed such 
that most volume is centred around the 60-year old class. 
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This young forest has considerable potential for growth be- 
cause the average volume per hectare is an increasing 
function with age as seen in Figure 4.3. Therefore the 
growth rates are greater in the younger age classes. 


Glossary 


Canada forest inventory. Through the Canadian Forest 
Inventory Committee, the Canadian Forest Service works in 
close cooperation with provincial and territorial forest man- 
agement agencies to make recommendations on forest in- 
ventory procedures, and to acquire data for national area 
and volume summaries on topics such as ownership, sta- 
tus, productivity, site quality, stocking, disturbance, age, for- 
est types and species groups. Data on forest inventories are 
available from the Forest Inventory and Analysis Project, 
Canadian Forest Service. 


Coniferous cover type contains cone-bearing trees with 


needle or scale-like leaves belonging to the botanical group 
Gymnospermae. 


Coverage in remote sensing terminology is the overall area 
covered by overlapping aerial photos or by maps. 


Cover type is a group of forested areas or stands of similar 
composition which differentiates it from other groups. 


Endemic mortality due to insects and diseases is mortality 
reflected in the empirical yield tables. 


Empirical yield table is a summary table showing, for 
stands (usually even-aged) of one or more species on dif- 
ferent site qualities the characteristics of the stand at differ- 
ent ages. The characteristics usually include average 
diameter and height and total basal area, number of trees, 
and volume per hectare. Empirical tables are prepared for 
actual average stand conditions. 


Growing stock is the sum by number, basal area or volume 
of trees in a forest or specified part of it. 


Hardwood cover type contains trees belonging to the bo- 
tanical group Angiospermae with broad leaves usually all 
shed annually. 


Limits of operability define the range of ages from which 
harvesting may occur. 


Mixedwood cover type contains an approximately equal 
mixture of coniferous and hardwood trees. 


Multi-dimensional array is the generalization of a matrix. 
Where matrices have two subscripts, arrays may have one, 
two, three or more subscripts. 


Nonreserved forest land is forest land that, by law or pol- 
icy, is available for the harvesting of forest crops. 


Positive linear system is a linear system in which the state 
variables are always positive (or at least nonnegative) in 
value. 
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Production forest is productive forest land where harvest- 
ing may occur. ; 


Productive forest land is forest land that is capable of pro- 
ducing a merchantable stand within a reasonable length of 
time. 


Reserved forest land is not available for the harvesting of 
forest crops. 


Roundwood is the section of tree stems, with or without 
bark. 


Titleset is a collection of character labels which describe 
the elements in each array dimension. 
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5 Valuing Ontario’s 
Timber Resource Stock 


by Gerry Gravel, Greg Lawrance and Susan Ecclestone 


Introduction 


This chapter discusses a method used to produce a time 
series of estimates of the value of Ontario's timber resource 
stock. The development of timber resource accounts start- 
ed with an Ontario pilot project, carried out with the assist- 


ance of the Ontario Ministry of Natural Resources (OMNR). 


The pilot project will be extended to other provinces. 


The value of resource stocks will be included in Canada's 
National Balance Sheet Accounts, a part of the Canadian 
System of National Accounts. Physical and monetary ac- 
counts of natural resource assets will show the importance 
of natural resources relative to the other assets which make 
up national wealth and the change in value or relative im- 
portance over time. 


Forest assets in the System of 
National Accounts 


The System of National Accounts 1993 (SNAQ3), pub- 
lished jointly by the United Nations, the Organization for 
Economic Cooperation and Development, Eurostat, the In- 
ternational Monetary Fund and the World Bank, is the inter- 
national standard guide for economic accounts. This recent 
version recommends that estimates of the value of natural 
resources be included along with the tangible assets such 
as buildings and equipment already shown in national bal- 
ance sheet accounts. The Canadian System of National Ac- 
counts will be made compatible with this world standard by 
1997. The SNA93 makes a distinction between natural re- 
sources and natural assets, where only the latter part is to 
be included in economic accounts. The natural assets to be 
included in economic accounts are those resources over 
which ownership rights have been established and which 
are commercially exploitable!. Remote or protected forests 
which are inaccessible or where there is no effective right of 
exploitation are excluded. 


Additional information on natural assets is shown in an ac- 
count called other changes in volume of assets. This ac- 


1. United Nations, 1993a, paragraph 13.53. 
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count reconciles differences in the value of assets from one 
year to the next by showing the value of changes due to a 
number of causes, which, in the case of forests, include 
growth, depletion through harvest, changes in use or own- 
ership, catastrophic loss and changes in price. 


The system of integrated environmental and economic 
accounting (SEEA), (United Nations, 1993a), outlines a 
preliminary version of a more extensive set of environmen- 
tal accounts that would be satellites to the existing accounts 
of the SNA. These accounts include physical balances in 
addition to monetary measures and are based on a defini- 
tion of natural assets which extends beyond those which 
are commercially exploitable. Monetary accounts would, in 
effect, expand what is considered production to include nat- 
ural growth. The value of timber which is harvested would 
be recorded as depletion, which would be netted against 
the value of growth to arrive at a measure of Eco Domestic 
Product (EDP). Stocks of assets which are not economic 
assets in the conventional SNA would not be valued in mon- 
etary terms, but recorded in physical terms only. Changes 
in the stocks of these assets, or uses of these assets that 
degrade their quality, would be valued. Suggested methods 
of valuation are based on the cost of prevention or of resto- 
ration of the degradation. These costs would also be includ- 
ed in the calculation of EDP. 


The exact content and structure of the Canadian forest ac- 
counts has not been decided yet. The accounts will show 
the area and volume of the physical stock and changes due 
to growth and to harvest or other loss. The physical data 
can cover all forest land, not just what is commercially ex- 
ploited. Some of the benefits of a forest that could be given 
a monetary value include the harvesting of timber and other 
forest products, recreational use, aesthetic benefits, flood 
protection, prevention of soil erosion, water purification and 
storage, effect on climate, wildlife habitat and biodiversity. 
There are currently no generally acceptable methods for 
valuing all of these benefits. 


In this chapter, we consider only the commercially exploit- 
able forest, which we value as a timber resource. The value 
is based on the net income obtained from harvesting the 
timber. Other uses of the timberland and remote or protect- 
ed forest are not valued; estimates of these values would 
require a different method of valuation. 


The physical timber asset 


The part of the forest resource that we consider as a natural 
asset is the accessible land on which timber harvesting is 
allowed and on which trees of commercially valuable spe- 
cies grow to a merchantable size in a reasonable length of 
time. The period since 1961 has seen changes in Ontario’s 
timber land base as a result of roadbuilding and changing 
land use. Technological change in harvesting and wood 
processing has meant that more of the standing volume 
could be harvested or used in forest products and that new 
uses were found for some species. Remote areas have 
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been made accessible with roadbuilding and part of the 
area has been restricted to maintain habitat or prevent ero- 
sion. Transportation costs mean that forest which is distant 
from a mill is not commercially viable until a mill is construct- 
ed in its vicinity. 


Valuation 


To be comparable to other assets in national balance sheet 
accounts, timber should ideally be shown at market value, 
the price that would be obtained if the asset were sold in a 
competitive public market. In the case of timber in Ontario, 
market transactions rarely take place. 


The government of Ontario owns 86 percent of the produc- 
tive forest land. Rather than selling cutting rights, the gov- 
ernment enters into management agreements under which 
it sets maximum allowable harvest levels, known as the an- 
nual allowable cut, based on an assessment of long-run 
sustainable yield. The provincial government receives rev- 
enue in the form of area charges and stumpage fees in re- 
turn for the wood supply and management services. Since 
stumpage fees are set by the province rather than deter- 
mined by public auction, it is difficult to know how closely 
they reflect the market value of the timber. Many of the buy- 
ers of timber have monopsonistic markets (single buyer) 
due to the relatively high cost of transporting wood to the 
next nearest mill, so that even a market transaction might 
not represent a competitive market price. 


Rent 


The market value of timber determined by public auction is 
highest bid based on a buyer’s calculation of stumpage val- 
ue, the difference between the eventual selling price of the 
timber and the cost of bringing it to market. The term stump- 
age value means, literally, the value of timber ‘on the stump’ 
before industrial intervention. The term rent is used more 
generally to apply to all resources and also refers to the val- 
ue of the resource itself. 


Calculating the stumpage value of a province’s timber asset 
for a long time series is impractical because of the lack of 
sufficiently detailed historical data. Data would be required 
for the numerous factors that determine the stumpage val- 
ue, which include species, size, quality, location (distance 
from a market), accessibility and the costs of felling. 


Instead of calculating a value based on the characteristics 
of the timber itself, we calculate a rent residual from histor- 
ical data for annual production by the province’s forest prod- 
uct industries. Capital and operating costs incurred by the 
industry in felling, transporting or processing timber are 
subtracted from the value of forest products produced. Pay- 
ment of stumpage or other fees is not considered a cost; 
these fees are part of the residual. The residual rent esti- 
mate is based on harvesting which took place on the tim- 
ber production land base of the period with available 
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production capacity. The annual rent obtained is the basis 
for valuation of the timber stock asset. 


Net price 


A simple valuation technique, with physical data for the vol- 
ume harvested and for the volume of the total timber asset, 
would be to use the annual rent to derive an average rent 
per unit of volume to apply to the total volume. This method, 
often called net price, is essentially an estimate of the rent 
that would be obtained if the whole forest were harvested 
immediately. A refinement of the method would exclude the 
volume of trees which are too small to be harvested but 
which are included in the volume data, so that what is cal- 
culated is exactly what would be harvested if it were possi- 
ble to do so. The method is limited in that it ignores the value 
of trees which are currently small, but which will be harvest- 
ed in the future when their volume has increased. The as- 
sumption that all harvestable timber will be harvested within 
a short period of time means that what will actually be future 
rent income is given an undiscounted present value, that is, 
there is no allowance for time preference. 


Present value 


Estimating the value of rent from future harvests would re- 
quire knowledge about future prices, costs and harvest vol- 
umes. If the forest is being harvested at a sustainable rate, 
that is, if the annual allowable cut is determined accurately 
and is not exceeded, an indefinite number of equivalent fu- 
ture harvests is possible. If we assume that annual rent will 
be constant, the value of the timber asset as the source of 
future income can be calculated as the present value of an 
infinite series of annual rent equal to the current year’s rent. 
Capitalizing a stream of future income by discounting it to a 
present value is acommon method of valuing a financial as- 
set such as a bond, which yields interest annually or semi- 
annually. The difference is that the bond’s yield is known, 
but the rent actually to be obtained from the timber is not. 
Use of this method to value timber raises questions about 
the validity of assuming constant rent and about the choice 
of an appropriate discount rate. 


The selling prices of forest products are cyclical and this is 
reflected in the rent residual. Rather than capitalizing each 
year’s rent individually, we use a moving average to reduce 
cyclical volatility. In other words, we assume that future rent 
will be similar to current average experience. Discounting 
future income limits the effective length of time during which 
rent is assumed to be constant; a 5 percent discount rate 
gives a near zero present value to income earned after 
about fifty years (a 10 percent rate would reduce this time 
to twenty years). 


The question of which discount rate to use is difficult to an- 
swer conclusively. It could be argued that the discount rate 
should reflect a social time preference because the rent is, 
to a great extent, potential revenue of the province which 
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owns the resource. The rate used to discount future rent in- 
come should be seen as a real rate, that is, there is no infla- 
tion to discount since we assume constant future prices and 
costs. We use more than one rate to show the effect of the 
discount rate on asset values. One of the rates used, 4 per- 
cent, is an estimated average real provincial government 
borrowing rate for the period 1961 to 1991. 


Timber and land 


Both SNA93 and the SEEA classify timber separately from 
the land it grows on. While it is easy to distinguish between 
timberland and the timber on it in physical accounts, it is dif- 
ficult to value them separately. 


The value calculated on the basis of future harvest rent in- 
come is a return both to the timber resource and to the land 
it occupies, since the land must be devoted to growing tim- 
ber. Use of the land for timber production does not neces- 
sarily or always exclude some other uses such as wildlife 
habitat or human recreation. These other uses of the land 
or timber could also have economic value which could be 
added to the value of the asset, although whether the asset 
is land or forest is again ambiguous. It is questionable 
whether much of the timberland really could have a different 
use. Some timberland is too remote to be sold as a building 
site and unsuitable for agriculture. We do not try to separate 
timber value from land value. 


The question of land ownership and timber production is a 
further consideration in the value of the timber asset. The 
forest management expenses incurred by the government 
in maintaining the timber asset are considered a cost to be 
netted from the rent. An additional reason to consider public 
forest management expenditure is consistency among the 
eventual data series for all provinces. The share of total for- 
est management expenditures borne by government varies 
among provinces and changes over time. For example, the 
responsibility for expenditure on reforestation in Ontario has 
recently shifted from government to industry. Both private 
and public forest management expenditures are consid- 
ered. 


The calculation of asset value 


Industry surplus 


The selling price and cost data required to calculate annual 
rent are available for the logging industry. However, a large 
number of the logging establishments which report the data 
are part of integrated firms. These establishments do not 
actually sell timber to their parent mills, so that the selling 
prices reported do not necessarily reflect market prices for 
timber. If the reported selling price were too low, part of the 
rent would, in effect, be shifted to the buyer of the timber, so 
that a rent calculation based on the logging industry alone 


Environmental Perspectives 


Valuing Ontario’s Timber Resource Stock 


would be understated. Similarly, a high reported price would 
overstate the actual rent. To avoid the problem, we calcu- 
late rent for an industry group consisting of both the logging 
establishments and the secondary wood processing indus- 
tries which sell their output in public markets. These sec- 
ondary industries are pulp and paper mills, veneer and 
plywood and sawmilling and planing. 


The value of production is based on data for value of ship- 
ments and changes to inventory from the Statistics Canada 
publications Logging Industry (Cat. No. 25-201), Sawmill- 
ing and Planing (Cat. No. 35-204) and Pulp and Paper 
Mills (Cat. No. 36-204). The value of wood cut by consum- 
ers for own consumption (primarily firewood and some 
sawn wood) is not estimated. 


Statistics on operating costs such as labour, fuel and elec- 
tricity, materials and supplies (but excluding stumpage 
fees) for the logging industry were taken from Logging In- 
dustry (Statistics Canada, Cat. No. 25-201). Similar sta- 
tistics for the sawmilling, pulp and paper and veneer and 
plywood industries were taken from Canadian Forestry 
Statistics (Statistics Canada, Cat. No. 25-202). 


Capital costs include both a consumption allowance (depre- 
ciation) and the cost of financing the net capital investment. 
Capital consumption allowances and end-of-year net capi- 
tal stock measures by industry are prepared by Statistics 
Canada's Investment and Capital Stock Division. Capital 
stock estimates are at replacement cost. Depreciation is 
straight line over a life of thirteen years. The cost of financ- 
ing capital is a nominal average corporate long-term bond 
rate (data from Scotia McLeod published in the Bank of 
Canada Review) applied to the value of the capital stock. 
No allowance is made for profit; the borrowing cost is ap- 
plied to the total capital stock, whether financed by debt or 
by equity, so that there is some return to equity included. 


The annual value of rent generated in the logging industry 
(SIC 0410) is shown in Table 5.1. The logging industry has 
consistently been profitable over the period studied, but 
this could reflect pricing of sales to cover costs by establish- 
ments which are integrated with mills. The cost of capital av- 
erages 3 percent of the industry’s total costs. 


The annual values of production for the wood industries 
(sawmilling, planing, veneer & plywood) are presented in 
Table 5.2. The sawmill and planing industry (SIC 2510) and 
veneer and plywood industry (SIC 2520) were aggregated 
to protect confidential data in the veneer and plywood in- 
dustry. Capital costs averaged about 11 percent of total 
costs. 
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Table 5.1 
Logging Industry Production Surplus 

Costs 
Year Operating Capital Total production slg 

millions of current dollars 

1961 104.5 10.9 115.4 135.3 19.9 
1962 106.4 11.0 117.4 137.8 20.4 
1963 lea 11.3 122.4 143.9 21.5 
1964 115.4 Wish, 127.1 147.2 20.1 
1965 129.1 WATE 141.8 164.3 22.5 
1966 149.0 14.2 163.2 195.5 32:3 
1967 168.1 15.8 183.9 211.0 27.1 
1968 150.0 16.4 166.4 192.3 25.9 
1969 169.1 18.1 187.2 215.2 28.0 
1970 172.6 18.5 191.1 215.0 23.9 
1971 163.7 18.7 182.4 205.3 22.9 
1972 182.2 19.1 201.3 228.0 26.7 
1973 208.3 22.0 230.3 266.1 35.8 
1974 263.1 30.5 293.6 348.4 54.8 
1975 253.6 36.8 290.4 334.0 43.6 
1976 274.1 37.7 311.8 359.8 48.0 
1977 332:7 41.2 373.9 430.2 56.3 
1978 415.2 45.2 460.4 511.3 50.9 
1979 491.6 52.6 544.2 599.8 55.6 
1980 S7ia al 62.6 633.7 706.1 72.4 
1981 612.4 78.7 691.1 731.1 40.0 
1982 547.0 71.9 618.9 662.6 43.7 
1983 633.5 68.1 701.6 786.9 85.3 
1984 790.0 66.0 856.0 952.8 96.8 
1985 764.3 61.8 826.1 937.8 Wier 
1986 809.5 61.0 870.5 1033.5 163.0 
1987 771.1 61.0 832.1 987.2 uUbsteyi] 
1988 913.6 60.4 974.0 1 206.3 232.3 
1989 1 006.8 59.5 1 066.3 1 300.1 233.8 
1990 937.7 61.9 999.6 1 165.5 165.9 
1991 854.3 55a7, 910.0 1 065.0 155.0 
Sources: 


Statistics Canada, National Accounts and Environment Division, Industry Division and 
Investment and Capital Stock Division. 


The pulp and paper industry production surpluses are pre- 
sented in Table 5.3. Capital costs are significantly higher 
than in the other forest industries, averaging more than 18 
percent of total costs. The surpluses and deficits exhibited 
by the pulp and paper industry dominate the forest indus- 
tries as a whole. The importance of its surplus or deficit rel- 
ative to the rest of the industry raises some questions about 
just what is captured in the residual. For example, rent could 
be dissipated by inefficient producers. 


Forest management expenditure 


Forest management expenditures fund activities such as 
maintenance of a forest inventory, planning, access provi- 
sion, fire protection and reforestation or other silvicultural 
activities. Data available for forest management expendi- 
ture by government apply to more than just the timber-pro- 
ducing part of the forest, so that an allocation must be 
estimated. 
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Table 5.2 
Wood Industries Production Surplus 


Costs Value of Surplus 


Year Operatin Capital Total production 


millions of current dollars 
1961 64.2 6.5 70.7 79.2 8.5 


1962 71.4 6.8 78.2 88.5 10.2 
1963 78.3 ian 85.4 98.9 13.5 
1964 85.1 7.6 iS Par/ 110.3 17.6 
1965 89.1 8.8 97.9 120.7 22.8 
1966 102.0 99) 111.9 129.8 17.9 
1967 105.0 10.7 115.7 131.0 15.3 
1968 115.2 11.3 126.5 142.6 16.1 
1969 121.0 14.1 135.1 151.8 16.7 
1970 114.2 15.4 129.6 134.0 4.4 
1971 120.7 15.9 136.6 147.6 11.0 
1972 137.4 17.8 155.2 185.8 30.6 
1973 173.5 22.9 196.4 260.8 64.4 
1974 198.6 35.0 233.6 267.0 33.4 
1975 204.8 41.4 246.2 240.4 -5.8 
1976 235.1 41.6 276.7 277.8 1.1 
1977 287.1 45.8 332.9 349.7 16.8 
1978 363.8 52.7 416.5 486.5 70.0 
1979 460.1 63.6 S2aq7 623.5 99.8 
1980 521.2 77.2 598.4 620.6 22.2 
1981 556.8 95.7 652.5 645.5 -7.0 
1982 489.5 87.1 576.6 538.0 -38.6 
1983 608.5 90.0 698.5 733.0 34.5 
1984 709.2 90.9 800.1 827.2 27.1 
1985 1905 81.8 879.3 947.8 68.5 
1986 854.2 80.4 934.6 1019.2 84.6 
1987 875.8 84.0 959.8 1014.7 54.9 
1988 967.9 90.4 1 058.3 1116.7 58.4 
1989 976.5 89.5 1 066.0 1095.9 29.9 
1990 893.4 90.2 983.6 969.5 -14.1 
1991 793.6 77.2 870.8 864.9 -5.9 
Sources: 


Statistics Canada, National Accounts and Environment Division, Industry Division and 
Investment and Capital Stock Division. 


The Ontario Ministry of Natural Resources (OMNR) recently 
contracted an accounting firm to review the ministry's finan- 
cial reporting and develop accounting methods which would 
determine the cost of protection and renewal to be recov- 
ered in the price of resources. The Forest Management 
Accounting Framework, published in 1993 as the result of 
the study, indicates the part to be allocated to timber supply 
of expenditures made in the four broad categories adminis- 
tration, aviation and fire protection, resource access and 
forest management. These ratios were applied to historical 
data from ministry annual reports. Despite the broad cate- 
gories, changes in reporting format result in a less than per- 
fectly continuous series of estimates over time. 
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Table 5.3 
Pulp, Paper and Allied Industries Production 
Surplus 


Costs Value of 


Year Operating Capital Total production PUpIE 
millions of current dollars 

1961 352.3 48.9 401.2 479.2 78.0 
1962 365.7 49.7 415.4 509.8 94.4 
1963 375.0 51.9 426.9 521.9 95.0 
1964 398.5 58.2 456.7 555.9 99.2 
1965 412.6 70.9 483.5 577.9 94.4 
1966 457.8 82.9 540.7 631.7 91.0 
1967 478.2 90.5 568.7 631.1 62.4 
1968 505.4 91.7 597.1 648.7 51.6 
1969 547.3 103.5 650.8 718.8 68.0 
1970 583.5 109.4 692.9 736.2 43.3 
1971 588.3 116.0 704.3 727.2 22.9 
1972 627.6 124.1 751.7 780.3 28.6 
1973 701.6 139.4 841.0 916.3 75.3 
1974 906.1 186.5 1 092.6 1 383.6 291.0 
1975 756.4 225.0 981.4 1044.9 63.5 
1976 1 026.6 251.3 1 277.9 1251.8 -26.1 
1977 1 305.2 280.7 1 585.9 1612.2 26.3 
1978 1 458.7 312-7 1771.4 1 787.5 16.1 
1979 1723.7 378.3 2 102.0 2 260.3 158.3 
1980 1 925.0 453.0 2 378.0 2 644.8 266.8 
1981 2155.0) 628.4 2 783.9 2 890.4 106.5 
1982 2149.9 654.8 2 804.7 2631.1 -173.6 
1983 2 316.1 686.3 3 002.4 2776.7 -225.7 
1984 2 559.5 692.8 3 252.3 3 398.4 146.1 
1985 2619.9 671.0 3 290.9 3 388.4 97.5 
1986 2718.5 688.8 3 407.3 3 679.1 271.8 
1987 2 934.7 ie 3 657.4 4 288.6 631.2 
1988 3 055.4 764.4 3 819.8 4665.1 845.3 
1989 3 185.6 853.1 4 038.7 4672.1 633.4 
1990 3 226.5 983.5 4 210.0 4 358.7 148.7 
1991 2 926.6 912.3 3 838.9 3 441.1 -397.8 


Sources: 
Statistics Canada, National Accounts and Environment Division, Industry Division and 
Investment and Capital Stock Division. 


The timber supply expenditure estimates for the period 
1961 to 1991 are presented in Table 5.4. While all catego- 
ries increased over this period the forest management cat- 
egory has undergone the largest escalation, due in 
particular to regeneration efforts. Some of the expenditure 
in the early 1980s may be attributable to the treatment of a 
backlog of land left previously untreated. The cost of fire 
control is also variable and again, the variation is not closely 
related to current harvest volumes. No attempt is made to 
reassign costs by prorating reforestation or fire control ex- 
penditure based, for example, on the area harvested. 


The category ‘resource access’ covers only the mainte- 
nance costs for logging roads; expenditure on their con- 
struction is included in the category of ‘forest management’. 
Isolating the expenditure on permanent roads would be de- 
sirable, so that it could be treated as capital, that is, the cost 
could be amortized over the life of the asset rather than 
treated as an expenditure in the year it is purchased. 
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Table 5.4 
Government Timber Supply Expenditure 


Adminis- Aviation Resource Forest Total 


Year tration and fire access management 


millions of current dollars 


1961 1.5 2.6 : 6.0 10.1 
1962 1.6 24 - 6.2 9.9 
1963 Zul 22. - 7.4 11.7 
1964 2.3 2.2 0.4 7.8 12.8 
1965 25 2.2 0.4 8.2 13.3 
1966 3.3 2.7 0.4 11.2 17.5 
1967 3.4 31 0.8 12.8 20.1 
1968 3.7 3.1 0.9 14.9 22.6 
1969 3.6 3.3 0.6 13.6 21.1 
1970 4.0 4.2 0.8 14.9 23.9 
1971 3.9 4.2 0.7 19.3 28.1 
1972 9.3 41 0.8 20.8 34.9 
1973 10.1 3.6 3.3 29.8 46.8 
1974 ile 6.8 5.4 24.9 48.3 
1975 13.5 6.7 Oi f 31.0 56.9 
1976 14.8 11.3 Zul, 36.3 65.2 
1977 15.7 8.8 2.6 43.2 70.4 
1978 lizee 6.4 25 49.7 75.8 
1979 18.6 8.5 2.9 56.8 86.8 
1980 19.5 18.9 25 TANS 112.4 
1981 26.5 17.1 2.3 80.4 126.3 
1982 30.0 11.9 2:3 89.4 133:7 
1983 32.6 16.2 2.3 112.6 163.7 
1984 33.8 12.6 2.0 143.0 191.4 
1985 33.7 13.2 2.1 157.3 206.3 
1986 37.3 20.4 2.0 195.1 254.9 
1987 40.8 22.6 21 192.1 257.6 
1988 42.8 29.3 2.3 186.8 261.2 
1989 44.5 21.9 23 197.4 266.2 
1990 47.7 24.2 3.6 214.4 289.9 
1991 33.9 33.8 3.6 214.4 285.6 
Source: 


Ontario Ministry of Natural Resources. 


Aggregate surplus and resource rent 


The value of the aggregate surplus for all industries is 
shown in Table 5.5. Negative values occur in 1982, 1983 
and 1991. Subtracting the government’s forest manage- 
ment expenditures gives negative rent in 1976, 1981 and 
1990 as well. Rent should not be negative, since there 
would be no exploitation of a resource if the selling price did 
not cover the exploitation costs. 


In part, the negative values are the result of the slightly my- 
opic view imposed by an annual series. Averaged over a 
longer period of time, rent is positive. The effect of de- 
creased prices and demand on rent can be exaggerated by 
the methodology used. Capital is depreciated annually, not 
according to the volume of production. The capital cost per 
unit increases if the amount produced decreases, that is, 
generally when demand and prices fall and the rent residual 
is already reduced. One of the effects of averaging is to am- 
ortize capital costs over a longer period, so that it applies to 
a more typical volume of production. Averaging can also 
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Table 5.5 
Aggregate Industry Surplus and Rent 

Costs Value of Surplus Timber Rent 
Year production expenses Annual Deflated Averaged 

millions of dollars 

1961 587.3 693.7 106.4 10.1 96.3 398.1 455.8 
1962 611.0 736.0 125.0 9.9 115.0 469.6 459.9 
1963 634.7 764.7 130.0 uilecs 118.2 472.9 457.4 
1964 676.6 813.4 136.8 12.8 124.0 482.6 433.8 
1965 723.3 862.9 139.6 13:3. 126.2 476.4 410.7 
1966 815.8 957.0 141.2 17.5 123.7 444.8 385.3 
1967 868.3 973.1 104.8 20.1 84.7 292.1 338.5 
1968 890.1 983.6 93.5 22.6 70.9 236.4 281.6 
1969 973.1 1 085.8 112.7 21.1 91.6 291.8 233.9 
1970 1013.6 1 085.2 71.6 23.9 47.7 145.5 217.5 
1971 1023.4 1 080.1 56.7 28.1 28.7 84.6 281.8 
1972 1 108.2 1 194.1 85.9 34.9 51.0 142.3 261.0 
1973 1 267.7 1 443.2 Oro » 46.8 128.6 329.9 208.0 
1974 1619.8 1 999.0 379.2 48.3 330.9 742.0 194.6 
1975 1517.9 1619.3 101.4 56.9 44.5 90.8 197.0 
1976 1 866.4 1 889.4 23.0 65.2 -42.2 -79.1 225.8 
1977 2 292.6 2 392.1 99.5 70.4 29.1 51.4 227.4 
1978 2 648.3 2 785.3 137.0 75.8 61.1 101.9 123.7 
1979 3 170.0 3 483.6 313.6 86.8 226.8 343.6 61.6 
1980 3610.1 3971.5 361.4 112.4 249.0 341.1 31.2 
1981 4127.5 4 267.0 139.5 126.3 13.1 16.2 35.7 
1982 4000.1 3 831.7 -168.4 133.7 -302.1 -343.7 31.6 
1983 4402.4 4296.6 -105.8 163.7 -269.5 -292.0 20.3 
1984 4 908.4 5 178.4 270.0 191.4 78.6 82.5 51.2 
1985 4996.3 5 274.0 277.7 206.3 71.4 730 162.9 
1986 § 212.4 5 731.8 519.4 254.9 264.5 264.5 290.4 
1987 5449.3 6 290.5 841.2 257.6 583.6 557.4 333.4 
1988 § 852.2 6 988.1 1 135.9 261.2 874.8 798.1 259.0 
1989 6 170.9 7 068.1 897.2 266.2 631.0 549.2 290.0 
1990 6 193.2 6 493.7 300.5 289.9 10.6 9.0 295.1 
1991 5619.8 5371.0  -248.8 285.6 -534.4 -438.4 229.5 
Sources: 


Statistics Canada, National Accounts and Environment Division, Industry Division, 
Investment and Capital Stock Division and Ontario Ministry of Natural Resources. 


help smooth some of the annual variation in other expendi- 
tures, such as fire control. 


The rent series was averaged using a seven-year centred 
moving average after being converted to constant 1986 dol- 
lars using the GDP implicit price index. The seven year pe- 
riod is based on a study of residual timber value completed 
for the OMNR which estimated business cycle lengths of six 
or ten years for different forest industries (OMNR, 1993a). 
The averaged series is always positive, although the value 
is very low in the early eighties. 


By 1991, in nominal value, current expenditure increased 
about nine times over its 1961 value, capital expenditure 
about ten times and government expenditure on timber sup- 
ply almost twenty-five times. At the start of the series, timber 
supply expenditure was equivalent to about 2 percent of the 
forest products industries’ total expenditure. It reached 5 
percent by 1991. 
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Stock values 


Table 5.6 presents a number of estimates of the value of the 
resource stock. Estimates are made in both constant 1986 
dollars and in current dollars. 


Figure 5.1 
Indexes of Industry Surplus and Pulp Prices 
(1986 =100) 


Aggregate industry surplus 


1961 1966 1971 1976 1981 1986 1991 


Sources: 
Statistics Canada, National Accounts and Environment Division and Prices Division. 


Two methods are used to calculate present value series of 
timber stock values in constant 1986 dollars. The columns 
labelled ‘projected rent’ are calculated by dividing the cur- 
rent average resource rent by the discount rate, based on 
the assumption that the current rent will be obtained for an 
indefinite number of years. The picture of the asset that this 
presents is its value based on the accessible timber and 
harvest and production technology of the era. Future har- 
vest volumes, costs and prices do not change. Current ex- 
perience is projected forward into a future limited by the 
value of the discount rate. 


For comparison, the column labelled ‘actual rent’ is the sum 
of the discounted series of calculated future rents shown in 
the first column, labelled ‘averaged deflated rent’. For ex- 
ample, the value calculated for 1961 under ‘actual rent’ is 
the sum of the values shown under ‘averaged deflated rent’ 
for 1962 onward, discounted to a 1961 value (the last year’s 
averaged deflated rent is used to extend the series into the 
future to a time where its discounted value is insignificant). 


The values for the two different methods converge as the 
series summation becomes more dependent on the extend- 
ed value of the last year’s rent. The change from actual to 
projected rent is inconsistent, so that the series cannot be 
used as the estimate of the value of the asset. However, us- 
ing actual rent gives a ‘perfect knowledge of the future’ ver- 
sion of the value estimate, for at least part of the series, 
which can be compared to the estimate made by projecting 
current rent. The perfect knowledge series seems to indi- 
cate that the exceptionally gloomy outlook of the early 
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Table 5.6 
Estimates of Timber Stock Value 
See eee eee ee ee a SS 
Averaged NPV Net price NPV Net price 
deflated Projected rent Actual rent Harvest Unit Inventory Inventory Projected rent Inventory 
Year rent 2 percent 4 percent 4 percent volume price volume value 2percent 4 percent value 
millions of 1986 dollars or millions of cubic metres millions of current dollars 
1961 455.8 22 790 11 395 6 469 11.0 41.25 1 322 54 534 5 671 2 835 13 569 
1962 459.9 22 996 11 498 6 272 nile 41.11 1 301 53 485 51799 2 899 13 487 
1963 457.4 22 870 11 435 6 063 Unlove 39.10 1 306 51 066 5 863 2931 13 091 
1964 433.8 21 689 10 845 5 848 12.3 35.41 1310 46 386 5 630 2815 12 041 
1965 410.7 20 534 10 267 5 648 ear 32.38 1313 42 513 5 449 2724 11 281 
1966 385.3 19 264 9 632 5 463 13.3 29.05 1316 38 235 5 281 2641 10 482 
1967 338.5 16 925 8 463 5 296 14.1 23.96 1318 31 581 4778 2 389 8915 
1968 281.6 14 082 7 041 5 170 13.4 21.02 1319 27 722 4 097 2 048 8 065 
1969 233.9 11 696 5 848 5 095 13.1 17.91 1 322 23 682 3 559 1779 7 206 
1970 21725) 10 875 5 438 5 065 13.3 16.37 1 321 21 621 3 595 1797 7 146 
1971 281.8 14 089 7 044 5 050 14.8 19.09 1318 25 162 5 353 2677 9 561 
1972 261.0 13 049 6 524 4970 14.4 18.18 1 322 24 036 5 164 2 582 9513 
1973 208.0 10 400 5 200 4908 16.2 12.86 1 327 17 070 4 209 2 104 6 908 
1974 194.6 9 728 4864 4 896 18.1 10.75 1 332 14 323 4076 2 038 6 001 
1975 197.0 9851 4926 4898 18.4 10.72 1 327 14 221 4 308 2 154 6219 
1976 225.8 11 289 5 644 4897 i123 18.38 1 337 24 577 5 564 2 782 12 113 
1977 227.4 11 369 5 685 4 867 16.8 13:51 1 336 18 050 6 424 3212 10 198 
1978 123.7 6 185 3 093 4 834 19.7 6.27 1 337 8 377 4 154 2077 5 625 
1979 61.6 3 082 1541 4904 WA} 3.61 1 342 4 847 1678 839 2 639 
1980 31.2 1 561 781 5 038 19.1 1.64 1 342 2 200 54 27 76 
1981 35:7) 1784 892 5 208 18.6 1.92 1 325 2541 407 204 580 
1982 31.6 1578 789 5 381 19.2 1.64 1 329 2 185 481 240 666 
1983 20.3 1013 506 5 565 16.3 1.24 1337 1659 750 375 1 229 
1984 51.2 2 558 e279) 5 767 20.4 2.51 1312 3291 3 140 1570 4 040 
1985 162.9 8 143 4071 5 947 23.1 7.05 1312 9 243 9 294 4647 10 551 
1986 290.4 14520 7 260 6 022 22.2 13.06 1 308 17 077 15 960 7 980 18 769 
1987 333.4 16 670 8 335 5 972 22.8 14.64 1 305 19 109 17 961 8 980 20 588 
1988 259.0 12 949 6 475 5 877 22.5 11.49 1 302 14 959 13 582 6791 15 690 
1989 290.0 14 499 7 249 5 854 225 12.86 1 297 16 684 15 251 7 626 17 550 
1990 295.1 14 753 7 376 5 798 23.1 12.80 1 281 16 397 15 656 7 828 17 401 


1991 229:5 11 474 5 737 5 735 


19.9 


11.55 1 281 14 792 


VOSA O 


Source: 
Statistics Canada, National Accounts and Environment Division. 


1980s that results from the projection of current experience 
was unwarranted. But then, not all of the actual values are 
in yet. 


The importance of the discount rate is evident in the differ- 
ence in value obtained by using rates of 2 and 4 percent. 
Doubling the rate halves the present value. 


Table 5.6 also presents the timber stock values estimated 
using a net price or per-unit rent. Rent per unit of volume is 
calculated by dividing the averaged annual rent by the an- 
nual harvest volume. This rent per unit is applied to the vol- 
ume of mature timber in the forest inventory estimate for 
that year. The estimate of volume is obtained from the phys- 
ical forest account described in chapter four. 


As mentioned earlier, the net price method is not expected 
to give an approximation of market price because it equates 
present and future value and because it ignores the young 
part of the forest. The values it gives are nonetheless inter- 
esting, since they tell a similar story in a more dramatic way 
with a larger decline in value from the beginning to the end. 
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The change in value of the asset (the constant 1986 dollar 
series drops to one quarter of its starting value by the end 
of the series) is due entirely to a change in the rent per unit; 
the volume of mature timber is fairly constant. While the per- 
unit rent in 1991 is only one quarter of the 1961 rent, the 
harvest volume has doubled. As a result, the total rent actu- 
ally generated in 1991 is about one half of that generated in 
1961. The present value series based on projected rent 
end at about half of their 1961 starting values, since they 
are based on total rent. 


Some factors which contribute to the decline in per-unit rent 
are competition from low-cost sources of pulp fiber and the 
increasing use of less valuable species as new products or 
technologies allow their use. The increase in government 
timber supply expenditure is a significant part of the rent re- 
sidual. Part of the increase in the harvest volume is a reflec- 
tion of the increased use of formerly unused species. 


The three right-hand columns of Table 5.6 show the current 
dollar values of the timber stock that would actually appear 
on the balance sheet. 
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Conclusion 


For use in balance sheet accounts, a present value method 
is preferable to a net price approach. The present value is 
an approximation of market value and provides a better 
measure of timber as an income producing asset. 


If we consider other accounts, such as the other changes in 
volume of assets, the argument for using present value is 
perhaps even stronger. Change in volume or stock-flow rec- 
onciliation accounts measure the change in the value of an 
asset. For timber, an attempt would be made to value 
growth and loss due to harvest or fire independently. These 
changes and a revaluation of the remaining stock account 
for the change in the value of the stock from one year to an- 
other. While the two methods would give a similar value for 
timber harvested, there could be a large difference for the 
value of growth or of timber lost to fire. The volume increase 
of a tree nearing harvest age has a higher present value 
than an equivalent increase in younger trees. The age and 
location of trees lost to fire is significant. If the trees are very 
young, there may be no effect on the value of future har- 
vests at all. While this argues for a present value approach, 
itis evident that detailed knowledge of the physical invento- 
ry of the forest is necessary to be able to estimate values of 
loss and growth. To some extent, this data problem is 
solved by forest management practice. Fire loss or insect 
damage, for example, are risks taken into consideration 
when calculating allowable cut. In this case, only an unusual 
fire would have any effect on harvest levels; that is the an- 
nual allowable cut would be changed. 


The time series of timber asset values based on projected 
current rent cannot assess sustainability in the sense of pro- 
viding information about the future. The future is assumed 
to be like the present. Comparing the value of growth with 
harvest and other loss is a frequently suggested indicator of 
sustainability. The quality of such an indicator is questiona- 
ble unless, as we said above, the value of loss is based on 
detailed physical data. The mature volume of the forest is 
perhaps a better rough indicator of sustainability than a 
monetary indicator would be. 
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6 Quantity and Value of 
Canada’s Coal 
Reserves 


by Alice Born, Marcia Santiago and Véronique Dumas 


Introduction 


The value of Canada’s national wealth is measured in the 
National Balance Sheet Accounts. Wealth, as it is currently 
measured on the balance sheet, is the value of the econo- 
my’s tangible assets such as buildings, residential and ag- 
ricultural land and machinery and equipment. 


However, our wealth is currently being understated since 
the available wealth statistics do not include the value of our 
natural assets such as mineral reserves, timber stocks, fish 
stocks, parkland, etc. These natural assets are being treat- 
ed as “free gifts” of nature in the current System of National 
Accounts (SNA) since no entries are included in the asset 
accounts or production accounts. By excluding the value of 
natural resources in the SNA, there is no way of measuring 
how rapidly we are depleting our natural resource stocks or 
more generally, whether we are maintaining our tota/ capital 
base, both produced and natural. 


The new international SNA standard approved in 1993 rec- 
ommends that the national balance sheet be expanded to 
include natural resources. Statistics Canada proposes to in- 
clude the dollar value of Canada’s natural resources in the 
National Balance Sheet Accounts by 1997. Towards that 
end, estimates of Canada’s natural resources are being de- 
veloped. This chapter provides preliminary estimates of 
Canada’s coal reserves in physical and monetary terms. 


Other accounts have been completed for Canada’s oil and 
natural gas reserves and timber stock in Ontario (Born, 
1992: Smith, 1995; Moll and Lawrance, 1995; and Gravel ef 
al., 1995). Work is in progress on accounts for metals and 
other minerals. 


Coal in the Canadian economy 


Coal is an important mineral to the Canadian economy. It is 
a fuel that is used in the production of electricity and it will 
be running many of Canada’s power stations into the next 
century. Today, about 15 percent of Canada’s electricity is 
generated from coal. Coal is also used in the production of 
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steel, tars and chemicals, and in industrial processes such 
as cement and glass-making. 


Canada’s coal production and exports have increased 
steadily in the 1970s and 1980s. In 1991, Canada was the 
world’s fourth largest exporter of coal and twelfth largest 
producer (Natural Resources Canada, 1994). 


While coal is the only fossil fuel available in quantities that 
for practical purposes are inexhaustible, only one percent of 
the world’s coal reserves are located in Canada. Yet, as- 
suming constant extraction rates at current levels, there re- 
main roughly 100 years of coal production from 
economically recoverable reserves in Canada. Table 6.1 
compares coal reserves of Canada and United States. In 
1993, the United States’ coal stocks were about 30 times 
greater than Canada’s, representing almost 25 percent of 
the world’s total coal reserves. 


Table 6.1 
Coal Reserves in Canada and the United 
States, 1985-1993 


Canada United States 
Year Bituminous Se Total Bituminous Se ita Total 
millions of tonnes 
1985 1 600 4 300 5 900 125 000 132000 257000 
1986 3 548 3 298 6 846 131 971 131872 263843 
1987 3 471 3 107 6578 131 971 131 872 263 843 
1988 3 433 3075 6 508 130 787 131 359 262 146 
1989 3 753 3071 6 824 130 194 131 059 261 253 
1990 3716 3 044 6 760 129 543 130 752 260 295 
1991 4 509 4114 8 623 112 668 127892 240560 
1992 4509 4114 8 623 112 668 127 892 240 560 
1993 4 509 4114 8 623 112 668 127 892 240 560 


Source: 
British Petroleum, various issues. 


Physical accounts 


In assessing Canada’s endowment of coal, many aspects 
must be considered before the quantity of coal available for 
present as well as future generations can be determined. 
Estimates of the volume of coal present in the ground are 
obtained from exploration drilling, and from geological and 
seismological knowledge of the coal-bearing formations. 
Assumptions about prices, costs and technology determine 
whether resources can be considered as recoverable re- 
serves and extracted profitably. The quantity of coal is de- 
termined from general criteria and more specifically, the 
classification of coal resources and coal reserves is based 
on three sets of criteria: resource feasibility, assurance of 
existence and technology, as shown in Figure 6.1. To qual- 
ify as a resource, coal must have potential for endowing 
wealth to the nation. Classifying coal from resources to re- 
serves is a dynamic process that occurs on the basis of 
changing supply and demand (Smith, 1989). 
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The feasibility class distinguishes between resources of im- 
mediate and future interest (Figure 6.1). Resources of 
immediate interest are contained in coal seams that, be- 
cause of favourable combination of thickness, depth, quality 
and location, are considered to be of immediate interest for 
possible exploitation. On the other hand, resources of fu- 
ture interest are contained in seams that, because of less 
favourable combination of thickness, depth, quality and lo- 
cation, may become exploitable in the foreseeable future 
with changes in economic factors and/or production tech- 
nologies (Hughes et al/., 1989). Coal reserves are a subset 
of resources of immediate interest and are further sub-divid- 
ed into those reserves in active or inactive mines. 


The level of certainty with which resource quantities are 
known is the assurance class (Figure 6.1). Four categories 
are used to define the assurance class: measured, indicat- 
ed, inferred and speculative. Measured and indicated re- 
sources have a high degree of geological certainty of 
existence whereas inferred resources have a relatively low 
degree of assurance. Speculative resources are based on 
few data points where coal exploration has been limited and 
are always classified as resources of future interest. 


Although precise levels of uncertainty of these categories 
have not been calculated, experience with Canadian coal 
deposits suggests that measured resource quantities are 
normally known within 10 percent, indicated within 20 per- 
cent and inferred within 50 percent of estimates. Coal re- 
serves form a portion of measured and indicated resources 
of immediate interest. 


Coal quantities that are anticipated to be mineable based 
on feasibility studies, existing technology and current eco- 
nomic conditions are classified as in-place and recovera- 
ble resources in the technology class. |n-place coal is that 
portion of coal in mineable seams with no recovery factors 
applied. Recoverable reserves refers to that portion of the 
coal in mineable seams that can be recovered with current 
technology and at current market prices (Hughes ef al., 
1989). 


Portions of measured and indicated resources of immediate 
interest that are the most likely to be developed commer- 
cially are called reserves. Only those reserves that are re- 
coverable in active mines are valued in the monetary 
accounts presented below since they have a high probabil- 
ity of being extracted in the foreseeable future. | Figure 6.2 
shows the relationship between the total coal resource and 
recoverable reserves in active mines. 


Quality 


The quality of coal is another aspect to consider when de- 
veloping physical resource accounts. The quality of Cana- 


_— 


. In Alberta, the reserve terminology differs. Coal reserves are called in- 
mine established reserves and are approximately the same as recovera- 
ble reserves in active mines. A detailed description of Alberta’s terminol- 
ogy is presented in the following section “Provincial data’. 
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Figure 6.1 
Coal Resource and Reserve Classification 


Demonstrated presence of coal 


Geology type 


! 


Deposit type 


(surface mineable, underground mineable, non-conventional 
and sterilized deposits (unavailable due to legislative or 
environmental restrictions)) 


: 


Definition of quantity of coal 


General 
criteria 


(seam thickness, aerial extent, etc.) 


| 


Resource and reserve classification 


tl Sines i aa 
Feasibility Immediate Future Active _|Not in active 
class interest interest mines mines 
Assurance Measured, indicated Measured and 
class inferred, speculative | indicated (or established) 
Technology : In-place, 
In-place recoverable 
Source: 


Hughes, J.D. et a/., 1989. 


Resource/ 
reserve 
criteria 


Figure 6.2 
Relationship of Resources and Reserves to 
Total Coal 


Unclassified 
coal resources 


Sterilized (unavailable) resources Total 


Resources of 


future interest coal 


Resources of immediate interest 


Reserves not in 
active mines 


Reserves in 
active mines 


Source: 
Hughes, J.D. et a/., 1989. 
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a 


dian coal ranges from lower quality coal called lignite and 
subbituminous coal to higher quality bituminous and anthra- 
citic coal. Table 6.2 shows the different types of coal and 
their uses. Although all classes of coal are present in Can- 
ada, anthracite is not being currently exploited. 


As the quality of the coal increases, so does its energy con- 
tent. Lignite and subbituminous coal are not economic to 
transport because of their low energy values and corre- 
sponding lower prices. These types of coal are used for 
thermal power generation close to the minesite. Lignite has 
half the heating value of bituminous coal which means that 
5 billion tonnes of bituminous coal from Nova Scotia, for ex- 
ample, would have the heating value equivalent to 10 billion 
tonnes of lignite from Saskatchewan. Furthermore, lignite 
commands a much lower price than bituminous coal and to 
follow the above example, its extraction and transport meth- 
ods must be low cost for a deposit to be considered eco- 
nomically recoverable. ! 


Table 6.2 
Coal Quality and Use in Canada 


Percentage of total 
Coal class Potential use Location Canadian produc- 
tion in 1992 
Thermal coal, source : es 
Anthracite of carbon for chemi- | Nova Scotia Pre eA In 
cal production. 


British Columbia 
Alberta 16 percent 


ae, Minesite thermal 


About 70 percent of bituminous coal mined in Canada is 
used as metallurgical coal. Metallurgical coal is used in the 
production of coke which is a reducing agent and heat 
source for the steel industry. The remaining 30 percent of 
bituminous coal is used as thermal coal to generate electric- 
ity mainly in Nova Scotia and New Brunswick. 


Metallurgical and 
thermal coal 


Bituminous coal 


Saskatchewan 


Another important characteristic of coal is its sulphur con- 
tent. Increasing concerns over sulphur dioxide (SOz) emis- 
sions and acid rain have placed a premium value on 
western Canadian coal reserves which have less than one 
percent sulphur content. Atlantic coals generally contain 
about four percent sulphur. 


To depict more accurately Canada’s reserves, the physical 
accounts of coal reserves are presented by type of coal. In- 
cluded in the bituminous class are all the sub-classes of 
high, medium and low volatile bituminous coal, while subbi- 
tuminous coal and lignite are reported separately. 


1. In 1992, the average value of lignite was $10/tonne in Saskatchewan 
compared with $60/tonne for bituminous coal in Nova Scotia. 
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Provincial data 


Energy, Mines and Resources (EMR, now known as Natu- 
ral Resources Canada) evaluated coal reserves in 1976, 
1977, 1982 and 1985. Table 6.3 presents a sample of the 
data from 1985 by province for recoverable reserves and 
coal resources of immediate interest. 


With the exception of Alberta’, provincial physical accounts 
are based on the recoverable reserve data published by 
EMR. Reassessments of the reserve stock were not availa- 
ble every year for each province, so estimates for missing 
years were calculated by reducing the previous years’ 
stocks by recorded depletion. In order to obtain a more ac- 
curate estimate, one would have to take into account any 
evaluations of mining properties. The EMR estimates were 
chosen as the benchmarks since they form a consistent and 
complete data set. 


Table 6.3 
Remaining Recoverable Reserves and 
Resources of Coal in Canada, 1985 


Remaining 
F Coal resources of 
Province Class of coal : atin recoverable 
immediate interest eC 
millions of tonnes 
British Columbia —_Lignite 1 090 566 
Bituminous - thermal 1610 433 
Bituminous - metallurgical 17 105 1 563 
Alberta Subbituminous coal 33 475 871 
Bituminous - thermal 815 800 
Bituminous - metallurgical 12 645 240 
Saskatchewan Lignite 7 595 1670 
New Brunswick Bituminous - thermal 75 21 
Nova Scotia Bituminous - thermal 1405 300 
Bituminous - metallurgical - 115 
Yukon and N.W.T. Lignite and subbituminous 2 290 
Bituminous - thermal 90 
Bituminous - metallurgical 500 
Canada Lignite 2 236 
Paar 44 630 
Subbituminous 871 
Bituminous - thermal 2515 1 553 
Bituminous - metallurgical 31 730 1918 
Total 78 875 6578 
Canada Metallurgical 31 730 4 660 
Thermal 47 145 1918 
Source: 


National Energy Board, 1991. 


2. Data for Alberta are taken from the Alberta Energy Resources Conserva- 
tion Board. 
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Gross mine output from Statistics Canada, published in 
Coal Mines, Cat. No. 26-206, was used for the quantity of 
depletion in the physical accounts. The reserve addition col- 
umn corrects for any discrepancies between opening and 
closing stocks that are not consistent with the simple deple- 
tion by production. Often adjustments of reserve additions 
can be related to opening or closing of certain coal mines or 
a re-evaluation of the resource/reserve base. 


Alberta 


Alberta has the largest share of coal reserves in Canada. 
The reserves are also the best documented and measured. 
They represent about 60 percent of Canada’s total resource 
of immediate interest. The Alberta Energy Resources Con- 
servation Board (ERCB) uses the term established re- 
serves that is the same definition applied to oil and natural 
gas reserves. The quantities reported in this chapter are re- 
maining established reserves defined as the reserves 
considered recoverable under current technology and 
present or anticipated future economic conditions. ERCB’s 
terminology is applied to the McKelvey box to illustrate the 
relationship between the various classifications of coal re- 
sources and reserves specific to Alberta (Figure 6.3). 


Figure 6.3 
Alberta’s Coal Resource Terminology 
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Source: 
Alberta Energy Resources Conservation Board, 1988. 


<= 


The ERCB reports remaining established reserves and dis- 
tinguishes between reserves that are within mine boundary 
and those that are not (Figure 6.2). In-mine reserves rep- 
resent about 8 percent of total recoverable reserves in Al- 
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berta (based on 1991 data). For the physical and monetary 
accounts, only in-mine established reserves are considered 
and this is consistent with the reserve definition used for the 
other provinces. Despite differences in reporting resources, 
EMR and ERCB do have comparable methods of calculat- 
ing reserves. When comparing provincial reserve data with 
those of other provinces, EMR has used the in-mine estab- 
lished reserves calculated by ERCB for the Province of Al- 
berta. 


Alberta produces both bituminous and subbituminous coal. 
Physical accounts including additions and depletion were 
put together by combining reserves data and raw coal pro- 
duction from the ERCB for bituminous and subbituminous 
coal. The closing stock of bituminous reserves has almost 
tripled since 1976 (Table 6.4) and subbituminous coal re- 
serves have increased 1.5 times since 1976 (Table 6.5). As- 
suming current extraction rates, the reserve life of 
bituminous coal is 95 years and for subbituminous coal 50 
years from currently established reserves. 


Alberta’s coal of ultimate potential 


Ultimate potential is an estimate of the initial reserves which 
will have become developed by the time all exploration and 
development of reserves has ceased. Geological prospects 
of the area and anticipated technological, economic and so- 
cial conditions are considered when deriving the estimate. 
The ultimate potential includes cumulative production, re- 
maining established reserves and presumed future reserve 
additions. 


Although there is a large degree of uncertainty associated 
with estimating ultimate potential, the estimate provides a 
forecast of coal reserves that could be developed in the fu- 
ture. Table 6.6 shows the magnitude of coal reserves that 
could be extracted in the future. 


Table 6.6 
Established Reserves and Ultimate Potential 
in Alberta, 1991 


Remaining established 


reserves Ultimate potential 


billions of tonnes 
Bituminous coal 1.4 183.6 
Subbituminous coal 1.2 539.1 


Source: 
Alberta Energy Resources Conservation Board, 1992. 


British Columbia 


Unlike Alberta, British Columbia does not evaluate its re- 
serves of coal every year. Data from EMR’s reports were 
used to develop the physical accounts for British Colum- 
bia’s reserves of bituminous coal (Table 6.4). Reserve data 
for the province include the quantities present in the produc- 
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Table 6.4 
Canada's Recoverable Reserves of Bituminous Coal, 1976-1992 
Nova Scotia New Brunswick Alberta 
Year Openingstock Additions Depletion Closing stock Opening stock Additions Depletion Closing stock Opening stock Additions Depletion Closing stock 
thousands of tonnes 
1976 93 205 - 2 205 91 000 34 327 - 327 34 000 542 824 - 6 752 536 072 
1977 91 000 387 2 387 89 000 34 000 -694 306 33 000 536 072 - 6 072 530 000 
1978 89 000 - 2921 86 079 33 000 - 348 32 652 530 000 - 7 308 522 692 
1979 86 079 - 2 157 83 922 32 652 - 310 32 342 522 692 -44 929 7 763 470 000 
1980 83 922 - 2 726 81 196 32 342 - 439 31 903 470 000 49 552 9 552 510 000 
1981 81 196 - 2 539 78 657 31 903 - 524 31 379 510 000 -1 320 9 680 499 000 
1982 78 657 369 394 3051 445 000 31379 -12 880 499 18 000 499 000 36 985 9 985 526 000 
1983 445 000 - 2 986 442 014 18 000 - 565 17 435 526000 330174 10 174 846 000 
1984 442 014 - 3 093 438 921 17 435 - 564 16 871 846000 204774 10 774 1 040 000 
1985 438 921 -20 680 3241 415 000 16 871 4 473 544 20 800 1 040 000 10 794 10 794 1 040 000 
1986 415 000 - 3 275 411 725 20 800 - 480 20 320 1040000 380 136 10 136 1 410 000 
1987 411 725 - 3 672 408 053 20 320 - 517 19 803 1410000 -49722 10 278 1 350 000 
1988 408 053 - 4 586 403 467 19 803 - 521 19 282 1 350 000 13 380 13 380 1 350 000 
1989 403 467 - 3 147 400 320 19 282 - 495 18 787 1 350 000 4019 14019 1 340 000 
1990 400 320 - 4 283 396 037 18 787 - 533 18 254 1 340 000 139 496 13 496 1 466 000 
1991 396 037 - 4 894 391 143 18 254 - 497 17 757 1 466 000 -9 989 14011 1 442 000 
1992 391 143 - 4 502 386 641 AWA TAME = 354 17 403 1 442 000 - 15 069 1 426 931 
British Columbia Canada 
Year Openingstock Additions Depletion Closing stock Opening stock Additions Depletion Closing stock 
thousands of tonnes 
1976 972 741 - 8 278 964 463 1 643 097 - 17 562 1 625 535 
1977 964 463 - 9 463 955 000 1 625 535 -307 18 228 1 607 000 
1978 955 000 - 9 988 945 012 1 607 000 - 20 565 1 586 435 
1979 945 012 - 10 616 934 396 1 586 435 -44 929 20 846 1 520 660 
1980 934 396 - 10 156 924 240 1 520 660 49552 22873 1 547 339 
1981 924 240 - 11 781 912 459 1 547 339 -1 320 24 524 1521 495 
1982 912459 1197 309 11 768 2 098 000 1521495 1590808 25 303 3 087 000 
1983 2 098 000 - 11 687 2 086 313 3087000 330174 25412 3 391 762 
1984 2 086 313 - 20775 2 065 538 3391762 204774 35 206 3 561 330 
1985 2 065 538 -34 033 35 505 1 996 000 3 561 330 -39 446 50 084 3 471 800 
1986 1 996 000 - 32 360 1 963 640 3471800 380136 46251 3 805 685 
1987 1 963 640 - 34 407 1 929 233 3 805 685 -49 722 48 874 3 707 089 
1988 1 929 233 - 38 508 1 890 725 3 707 089 13 380 56 995 3 663 474 
1989 1 890 725 - 38 152 1 852 573 3 663 474 4019 55 813 3 611 680 
1990 1 852 573 - 40 003 1812570 3 611 680 139 496 58 315 3 692 861 
1991 1 812 570 - 39 596 1772974 3 692 861 -9 989 58 998 3 623 874 
1992 1772 974 - 25 987 1 746 987 3 623 874 - 45 912 3 577 962 
Sources: 


Energy, Mines and Resources Canada, 1976. 

CANMET, 1984. 

Energy, Mines and Resources Canada, 1987. 

Alberta Energy Resources Conservation Board, various issues. 
Statistics Canada, 1992. 


ing coalfields. The large increase in reserves in 1982/1983 Saskatchewan 

is attributable to the opening of 4 surface mines in the prov- 

ee i calanc, Maen ce. a SUMS eae SEN) Ue The only source of consistent data on reserves is EMR re- 
creased over 80 percent while physical depletion has more ports. The only type of coal being exploited is lignite which 
SV EIOMIUR is located in the southern part of the province. The low qual- 
Reserves of lignite are also located in British Columbia, ity of the coal requires extraction by surface mining methods 
however they are not being exploited. From 1976 to 1981, to minimize the extraction cost. Reserves are therefore lim- 
the quantity of recoverable reserves totalled 397 tonnes. ited to that portion of the coal that lies within 45 metres of 
This increased to 566 tonnes at the end of 1982 and has re- the surface and in seams exceeding 1.5 metres in thick- 
mained at this level to present day. ness. 


Once more the physical accounts are simply the opening 
stocks of reserves reduced by annual production as report- 
ed by Statistics Canada as gross mine output (Table 6.5). 
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Table 6.5 


Canada's Recoverable Reserves of Subbituminous Coal and Lignite, 1976-1992 


Saskatchewan 
Year Opening stock Gross additions Depletion Closing stocks 


Alberta 
Opening stocks Gross additions Depletion Closing stocks 


Canada 
Opening stocks Gross additions Depletion Closing stocks 


thousands of tonnes 


1976 1 896 000 5 156 5 156 1 896 000 790 000 
1977 1 896 000 -169 961 6 039 1 720 000 790 000 
1978 1 720 000 5 575 1714 425 790 000 
1979 1714 425 5013 1709 412 790 000 
1980 1709 412 5 971 1703 441 790 000 
1981 1703 441 6 798 1 696 643 940 000 
1982 1696 643 7 851 7 494 1697 000 940 000 
1983 1 697 000 7 760 1 689 240 920 000 
1984 1 689 240 9917 1 679 323 900 000 
1985 1679 323 349 9 672 1 670 000 880 000 
1986 1 670 000 8 280 1 661 720 870 000 
1987 1 661 720 10 020 1651 700 860 000 
1988 1 651 700 12 148 1 639 552 1 200 000 
1989 1 639 552 10 816 1 628 736 1 200 000 
1990 1 628 736 9 407 1619 329 1 180 000 
1991 1619 329 - 8 981 1610 348 1 200 000 
1992 1610 348 - 10027 1 600 321 1 200 000 
Note: 

Reserve data before 1979 are estimated. 

Sources: 


Energy, Mines and Resources Canada, 1976. 

CANMET, 1984. 

Energy, Mines and Resources Canada, 1987. 

Alberta Energy Resources Conservation Board, various issues. 
Statistics Canada, 1992. 


Reserves of lignite have declined from 1 896 million tonnes 
in 1976 to 1 600 million tonnes in 1992 with annual deple- 
tion almost doubling over that period. At current extraction 
rates, there is sufficient coal for 160 years of exploitation. 


Nova Scotia 


The Sydney coalfield contains more than 98 percent of the 
reserves of bituminous coal. Coal reserves have declined 
since 1982 from 445 million tonnes to 387 million tonnes in 
1992. There remain an estimated 85 years worth of coal 
production in Nova Scotia. | 


New Brunswick 


New Brunswick can claim to have the oldest site of coal 
mining in North America. Exploitation of coal outcrops start- 
ed as early as 1639 although no major coalfield has ever 
been discovered in the province’s numerous seams. Coal- 
fields are steadily being depleted as extraction is not being 
replaced by additions to reserves. 


All of the high sulphur (6-8 percent) bituminous coal being 
mined is used as thermal coal for the province’s power 
plants. 


Canada 


Reserves of bituminous coal have more than doubled since 
1976 and have remained at the same level since 1985 (Fig- 
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6 419 790 000 2 686 000 11 575 11575 2 686 000 

7 847 790 000 2 686 000 -162 114 13886 2510 000 

8 279 790 000 2510 000 8279 13854 2 504 425 

9 580 790 000 2 504 425 9580 14593 2499 412 
10 500 940 000 2 499 412 160500 16471 2 643 441 
11 500 940 000 2 643 441 11500 18298 2 636 643 
13 000 920 000 2 636 643 851 20494 2 617 000 
14500 900 000 2 617 000 -5500 22260 2 589 240 
15 400 880 000 2 589 240 -4600 25317 2 559 323 
16 800 870 000 2 559 323 7149 26472 2 540 000 
17 500 860 000 2 540 000 7500 25780 2521 720 
18 500 1 200 000 2 521 720 358500 28520 2 851 700 
20 000 1 200 000 2 851 700 20000 32148 2 839 552 
20 900 1 180 000 2 839 552 900 31716 2 808 736 
21 700 1 200 000 2 808 736 41700 31107 2 819 329 
22 300 1 200 000 2 819 329 22300 31281 2 810 348 
23 020 1 200 000 2 810 348 23020 33047 2 800 321 


ure 6.4). The level of reserves of lignite and subbituminous 
coal have been relatively constant since 1976 ranging from 
2.6 billion tonnes to 2.9 billion tonnes. Total coal reserves in 
Canada reflect the same trend for bituminous coal with 
marked increases in coal reserves in British Columbia and 
Nova Scotia at the end of 1982. Generally, the stock of coal 
reserves as defined here is being maintained in Canada at 
about 6.4 billion tonnes remaining. 


Figure 6.4 
Remaining Recoverable Coal Reserves of 
Canada, 1976-1991 
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Remaining recoverable reserves as reported in the physical 
accounts above are only a small portion of the total reserve 
and resource base of coal. Remaining recoverable reserves 
of total coal represent only 8 percent of coal resources of 
immediate interest (Table 6.3). 


Monetary accounts 


Monetary valuation of natural capital is at the heart of inte- 
grated economic and environmental accounting (Bartel- 
mus, 1994). Without such valuation, comparison of different 
economic and environmental activities is often exceedingly 
difficult. Valuation means assigning prices to what are now 
treated as “free goods” in the conventional national ac- 
counts. 


Reserves of depletable natural resource assets “in the 
ground” such as coal generally do not have a market price 
since they are rarely bought and sold. In Canada, these as- 


sets are typically owned by government. Therefore, several 


methods of valuation are used to estimate or impute the 
market value of the reserves. Text Box 6.1 presents the al- 
gebraic description of the three methods used to value coal 
reserves: net price method |, net price method II and 
present value. A more formal description of the methodolo- 
gy is presented in Born (1992 and 1995). 


Net price 


The net price method is based on the Hotelling model which 
assumes that in a perfectly competitive market, the price of 
the marginal unit of a non-renewable resource net of extrac- 
tion costs should rise over time at a rate equal to the nomi- 
nal rate of interest. In other words, the price of the resource 
should increase at the rate of interest and there is no need 
for discounting. If this assumption is true, the value of the 
stock of the resource is equal to the net price per unit of the 
resource times the quantity of reserve stock. 


All three methods are in fact based on the net price method. 
The first two variations of the net price method are present- 
ed in this paper to show the range in values of the coal stock 
using different assumptions about the treatment of the re- 
turn to capital used to find and extract the reserves. Also, 
the net price is presented in order to do international com- 
parisons of natural asset accounts. However, the net price 
can also be rationalized as zero time preference or a 
present value using a zero discount rate. 


Net price method | 


The first method, net price method |, imputes the value of 
the rent or the return to the natural capital by netting out the 
extraction costs and the return to invested produced capital 
of the coal mining industry. The return to capital is calculat- 
ed as a “normal” rate of return on produced capital (using an 
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average yield on industrial bonds) times the net capital 
stock of the coal industry plus the depreciation of the capital 
stock. A per unit rent is calculated by dividing the net rent by 
the quantity extracted. The resource rent per unit is then 
multiplied by the quantity of the remaining recoverable re- 
serves that have been estimated in the physical accounts of 
coal. 


In theory the net price should be net of all costs including 
capital costs so that it can accurately represent the value 
added associated with the natural resource. However, there 
is some uncertainty regarding the estimation of the return to 
the invested produced capital in the calculation of the net 
price, particularly when the net operating surplus is already 
small (United Nations, 1993). In the case of coal, in some 
instances, the net price becomes negative after the deduc- 
tion of the return to the produced capital. This result sug- 
gests that (world market) price of the coal is so low that a 


Text Box 6.1 
Alternative Methods of Valuing Coal 
Reserves 


Net price method | (based on return to capital): 


GR-7A-C 
RR =GR- (rk +8) 
V =(RR/Q)S 


Net price method |! (based on the value of capital 
stock): 


V = (GR/Q)S-K 


Present value method: 


r 
be y oe 


= 


PV =0 [(GR/Q)S - K] 


TR = total revenue from extraction 

C =extraction costs including fuel and electricity, 
material and supplies and wages 

GR = gross rent 

RAR = resource rent 

r =long-term industrial or provincial bond rate 

K_ =net capital stock valued at replacement cost 

6 =depreciation of the capital stock 

V =net price value of the reserve stock 

Q =quantity of the resource extracted 

S =stock of remaining recoverable or established 
reserves 

PV = present value net price 

= discount factor 
T =life of the reserve 
t =current year 
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Value of Coal Reserves in Canada: Net Price Method | and Method Il, and Present Value, 1975- 


Table 6.7 
1993 
Alberta 
Bituminous coal Sub-bituminous coal 
Net price Present Net price 

Year Method | Method II value Method | Method II 
1975 13 533 15 683 2 364 675 2 265 
1976 11141 13 470 2295 as! 1 580 
1977 7 923 11 168 1 803 ol 1137 
1978 9031 12071 2 346 ie! 1695 
1979 4 732 7 834 1814 ae 2 362 
1980 5 664 9013 2 358 288 3 222 
1981 2792 6 533 1719 663 4054 
1982 6 679 10 858 2 837 677 4981 
1983 14 523 22 889 3 926 570 4914 
1984 11 409 25 582 3 749 1027 5 236 
1985 4 906 19 476 2 863 1 087 5 019 
1986 6 842 26 019 2 812 282 4004 
1987 5 645 23 582 2516 1 084 § 910 
1988 8 832 21 392 3 026 726 Sulir7 
1989 9 454 20 912 3 104 1 588 5 601 
1990 11 020 23 063 3 102 2 065 6 079 
1991 15 956 25 934 3 843 2 499 5 733 
1992 16 748 25 605 3 865 2992 5 840 
1993 18 354 26 277 4023 3 301 5 836 


Notes: 


Present 


value 


millions of dollars 


341 
256 
221 
352 
562 
713 
978 
1 365 
1 504 
1 722 
1 806 
1 470 
1748 
1 627 
1 859 
2016 
2 083 
2178 
2 222 


British Columbia Saskatchewan 
Bituminous coal Lignite 

Net price Present Net price Present 
Method | Method II value Method | Method II value 
6 446 21313 4169 aol 3 480 130 
3 450 24 456 3 801 70 3 589 177 
4137 24 700 4 320 40 2979 190 
4 325 25 132 4790 sett 3 005 177 
5 234 25 601 5 738 37 3 822 224 
pa 16 765 3641 1306 4516 317 
pel 17 692 4 464 1 905 4944 396 
Pe 46 641 5 231 3 838 7 606 672 
oe 49 972 5 606 5 568 9799 900 
mt 52 066 10 392 8 300 11710 1 383 
a 42 666 9 559 5775 9 052 1048 
ou 39 671 8 450 3 665 7 338 731 
oh 33 057 7 432 4874 7 740 939 
sal 35 542 9 145 5 465 8 080 1196 
a 21 546 5 618 9 695 12919 TAS 
a 29 274 7715 7 707 11 246 1 306 
att 22 536 6 148 7 288 10 675 1191 
cal 20 457 3 994 4792 Bre2 969 
pot 31 582 7 421 52 17 8 421 1 063 


Although the physical reserve data are not available for 1993, the closing stock of reserves for 1993 was calculated by subtracting the quantity extracted from 1992 closing stock. 
1. The calculated value was negative, resulting from a negative resource rent. In the Canada total, these values are treated as zero. 


Source: 
Statistics Canada, National Accounts and Environment Division. 


normal return to invested capital is not achieved (Born, 
1995). 


The main disadvantage of this net price method is that the 
assumption made regarding the rate of return to invested 
capital may be inappropriate. By presetting the rate of return 
to invested capital, no allowance is made for relatively low 
or high rates of return observed in the coal industry. Further, 
it could be argued that produced capital rather than the re- 
source should be the residual claimant on the gross reve- 
nues. 


In the case of British Columbia, negative values using net 
price method | have existed since 1980. Negative returns on 
total capital employed have been reported for 1989 to 1991 
(Coopers & Lybrand, 1992). The value of coal reserves is 
also negative for several years for bituminous coal in Nova 
Scotia’, subbituminous coal in Alberta and lignite in Sas- 
katchewan when net price method | is used (Table 6.7). 


1. The net price value of coal in Nova Scotia also includes subsidies in the 
total revenue of extraction. This is consistent with the definition of indus- 
try value added in national accounting calculations. Subsidies for Nova 
Scotia coal range from $26.7 million in 1970 to none in 1992 and the 
value of production ranged from $55.1 million to $203.3 million during the 
same time period. 
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Net price method Il 


An alternative method, net price method II calculates the re- 
source rent by subtracting out the replacement cost of the 
net capital stock from the value of the reserve stock (Text 
Box 6.1). The advantage of this method is that it does not 
require an explicit assumption about the return to the pro- 
duced capital associated with the coal. The values are pos- 
itive when no return to capital is assumed. 


Since coal is used as an input in the generation of electrici- 
ty, it is assumed that the returns to capital may be captured 
from the returns or value added from electricity generation. 
The effect of this transfer pricing is assumed to have a ma- 
jor impact on upstream resource revenues and resource 
rents. By not making an explicit assumption about a “nor- 
mal” return to capital, the effect of transfer pricing is re- 
duced. 


Present value 


In the case of natural resource assets for which the returns 
are spread over a lengthy period of time, as with coal as- 
sets, a rate of discount should be used to compute the 
present value of the expected future returns. This flow of ex- 
pected economic rents is the same as the rent calculation 
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Table 6.7 
Value of Coal Reserves in Canada: Net Price Method | and Method II, and Present Value, 1975- 
1993 (Concluded) 
Nova Scotia New Brunswick Canada 
Bituminous coal Bituminous coal Total 
Net price Present Net price Present Net price Present 
Year Method | Method II value Method | Method II value Method | Method II value 
millions of dollars 
1975 768 1 287 428 180 220 52 21 602 44 249 7 485 
1976 607 1070 419 113 180 31 15 381 44 344 6 980 
1977 1181 1631 687 45 123 21 13 326 41 738 7 241 
1978 666 1044 511 285 360 69 14 308 43 306 8 245 
1979 1 080 1 626 711 343 428 81 11 425 41 673 9 131 
1980 900 1 362 701 467 531 142 8 626 35 408 7 871 
1981 197 804 405 506 563 178 6 063 34 592 8 139 
1982 754 5 347 733 320 358 164 12 268 75 790 11 002 
1983 1815 7 081 1001 383 419 210 22 859 95 074 13 147 
1984 5 607 12 041 1 695 340 379 194 26 684 107 014 19 135 
1985 4336 12 408 1679 474 530 238 16 578 89 153 17 194 
1986 meee 9 334 1 338 469 539 224 11 259 86 905 15 026 
1987 3042 14 104 2 023 457 520 234 15 103 84914 14892 
1988 ot 7 491 1311 493 558 258 1S 7 78 239 16 563 
1989 bs?! 7516 1314 521 592 271 21 258 69 086 13 881 
1990 3 540 13 498 2 320 493 576 278 24 824 83 737 16 738 
1991 2 587 10 965 2 297 544 692 320 28 875 76 536 15 881 
1992 a 7355 1681 222 462 187 24 753 67 450 12 874 
1993 ms! 8 213 1 555 349 594 239 27 221 80 923 16 523 
Notes: 


Although the physical reserve data are not available for 1993, the closing stock of reserves for 1993 was calculated by subtracting the quantity extracted from 1992 closing stock. 
1. The calculated value was negative, resulting from a negative resource rent. In the Canada total, these values are treated as zero. 


Source: 
Statistics Canada, National Accounts and Environment Division. 


used in the net price methods and is based on the value 
added of the natural resource. 


As observed in calculating the net price, negative operating 
surpluses were obtained when a “normal return to capital” 
was assumed. However, since coal is an input into thermal 
power plants, returns to capital from upstream operations 
(i.e. coal extraction) may be captured from returns from 
electrical power generation. With low coal prices, a “normal 
return” to capital is not achieved under the assumptions 
used in net price method I. Since net price method | pro- 
duced negative values in some years, the present value cal- 
culation is based on the second net price method in order to 
yield positive results throughout the time series. 


The choice of an appropriate discount rate should reflect 
certain aspects of the resource being valued. There are 
several things to consider: a private versus a social discount 
rate, time preference, intergenerational equity and owner- 
ship of the resource. 


The present value is calculated by using a discount rate that 
reflects the rate of return to the owners of the coal reserves, 
namely the provincial governments. A rate of 5 percent was 
used which is roughly equally to the average real provincial 
government borrowing rate for the period 1975 to 1993. 


A discount factor was derived using the reserve life and as- 
suming a real discount rate of 5 percent. The present value 
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of the stock equals the discount factor times the net price 
value II (Text Box 6.1; BEA, 1994). 


Comparison of the estimates 


The two methods of net price valuation and the present val- 
ue provide a range of the value of coal reserves in Canada. 
The asset value of coal reserves based on the second net 
price method produces positive values for all types of coal 
in all provinces which is not the case for net price method I. 
The present value is simply the discounted value derived 
from the second net price method. 


Only the stock of recoverable reserves of coal is used in es- 
timating the value of Canada’s reserves. This is consistent 
with the other natural resource stock accounts already de- 
veloped. For Canada, the net price value ranges from $27.2 
billion to $80.9 billion in 1993. The stock of coal reserves 
would add between 1.0 percent and 3.0 percent to Cana- 
da’s national wealth of $2 630 billion.! Over time, the value 
of coal reserves as a share of an expanded estimate of 
wealth has decreased; in 1975, coal reserves added from 
3.1 to 6.2 percent to national wealth. 


1. National wealth is the sum of tangible or non-financial assets across all 
domestic sectors. 
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The present value estimates ranged from $7.5 billion in 
1975 to $16.5 billion in 1993. These estimates would add 
1.1 percent to national wealth in 1975 and 0.6 percent in 
1993. 


Conclusion 


Recoverable reserves of coal as presented in the physical 
accounts, represent only a small portion of Canada’ s total 
coal resource. Recoverable reserves in active mines repre- 
sent approximately 8 percent of coal resources of immedi- 
ate interest. Although Canada has only one percent of the 
world’s coal reserves, there remain 78 years of bituminous 
coal and 85 years worth of subbituminous coal and lignite 
assuming current depletion rates. 


Results from the physical accounts indicate that Canada’s 
stock of coal reserves has been maintained since the 
1980s. Coal will remain an important primary energy 
source, particularly in Nova Scotia, Ontario, Saskatchewan 
and Alberta. In 1993 coal-fired electric power plants gener- 
ated 15 percent of electricity production, up 5 percent from 
the 1970s. 


In order to treat coal reserves and other natural resources 
as part of Canada’s national wealth, monetary accounts 
had to be developed also. For inclusion in the National Bal- 
ance Sheet Accounts, the present value is preferred as an 
estimate of the market value. Estimates of coal values using 
the net price method | resulted in some negative values. 
Negative asset values present empirical problems with re- 
gards to balance sheet entries. However, positive values 
were obtained when no return to invested capital was al- 
lowed for. Further work will be needed before deciding on 
an appropriate valuation method. 
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7 Water Use in Economic 
and Domestic Activity 


by Tony Johnson’ 


Introduction 


Compared with much of the world, Canada is well endowed 
with available fresh water and has one of the world’s longest 
coastlines. Indeed, the industrial structure of its economy 
and the lifestyle of its people have been heavily influenced 
by the abundance of water and other natural resources. It 
should be noted however, that 90 percent of Canada’s pop- 
ulation lives within a narrow band along its southern bound- 
ary, while 60 percent of its water supply flows north towards 
the Arctic Ocean (Environment Canada, 1992, p. 2). There 
has been ample evidence that growth in urbanisation and 
economic activity has stressed the ability of aquatic sys- 
tems to cope with the demands placed on them. 


The need for the enhancement and maintenance of Cana- 
da’s water resources has been the focus of initiatives at all 
levels of government. The 1987 Federal Water Policy sets 
out a national strategy for the protection and enhancement 
of the quality of water resources and promotes the wise and 
efficient use of water. This goal has been reaffirmed in Can- 
ada’s Green Plan (Government of Canada, 1990). 


Statistics Canada is committed to the provision and promo- 
tion of statistical information on the environment as an im- 
portant aid to informed decision making. A major facet of 
this work is aimed at developing satellite accounts to inte- 
grate, as far as possible, environmental and natural re- 
source concerns with the traditional national accounting 
framework. 


Two major accounts within this satellite system, the natural 
resource use accounts and the waste output accounts, are 
cast within an input-output industry framework?. They ena- 
ble analysts to relate natural resource use (or waste output), 
measured in physical terms, to the production and con- 
sumption activities (measured in monetary terms) of indus- 
tries, government and households. 


This chapter reports on work in progress towards the devel- 
opment of resource use accounts for water. It presents data 


1. The author acknowledges the help provided by Debbie MacDonald in the 
preparation of this article. 

2. Waste output accounts for greenhouse gas emissions and resource use 
accounts for energy have already been developed at Statistics Canada 
(see Canadian Carbon Dioxide Emissions, 1981-1990, included in this 
publication). 
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for one year (1991) at the national level only. Future work 
will extend the data set to cover a time series and individual 
provinces. There is also a longer term prospect of incorpo- 
rating water-use micro data into Statistics Canada’s Geo- 
graphic Information System. Water-use issues are of 
course more effectively studied on a provincial or small area 
basis. 


A framework for water use 
statistics 


The hydrologic cycle describes the natural recirculation of 
the world’s water supply. From its various repositories on 
earth (oceans, rivers, lakes, streams, groundwater, snow, 
ice and plants), water gravitates towards the seas, is evap- 
orated and transpired to the atmosphere as water vapour, 
and is returned as precipitation. There is a strong interaction 
between the hydrosphere, the atmosphere and the land. 
For instance, the oceans and groundwater contain dis- 
solved minerals from geological formations and water is 
oxygenated through contact with the atmosphere. These 
are natural processes. Humans, through economic proc- 
esses and other activity, also profoundly affect water sys- 
tems, often in ways that are deleterious to their quality. This 
can be directly through the withdrawal of water, the dis- 
charge of wastes, or the creation of water diversions, and, 
indirectly, through the transfer of land-based and airborne 
wastes to water systems through the hydrological cycle. 


Water use accounts 


Water use accounts can only hope to shed light on a small 
(albeit important) component of these interactions. Figure 
7.1 is a schematic representation of water use in economic 
and other human activity. Broadly, two major uses of water 
are defined: withdrawal use, and non-withdrawal (“in- 
stream”) use. 


Withdrawal use involves the diversion of water from source 
and its transport to the place of use. Its return to source may 
be delayed or it may not be returned at all, thereby impact- 
ing on water flow available “downstream” for the mainte- 
nance of natural ecosystems and other competing uses. 
The use of withdrawn water in industrial processes (for ex- 
ample for mixing and transporting raw materials, cleaning, 
cooling and heating) and for human sanitation almost al- 
ways involves a systematic degradation of its quality, not- 
withstanding pollution abatement practices. 


Non-withdrawal use includes sea and river transport, hydro 
electricity generation, fish culture, and water and snow 
sports. Except for hydro electricity generation, non-with- 
drawal use does not diminish supply and water quality deg- 
radation tends to be incidental, although it can be no less 
devastating for the environment (for example, crude oil 
spills and transfers of exotic aquatic species in ballast wa- 
ter). 
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Although water use in hydroelectricity generation is essen- 
tially a non-withdrawal use (because the activity occurs “in- 
stream’), it also has elements which are more characteristic 
of withdrawal use. Dams and diversions modify stream flow 
for year round electricity generation. Furthermore, dams in- 
volve the flooding of terrestrial ecosystems upstream, with 
resultant changes in water quality that are not incidental (for 
example, increased oxygen demands of decomposing or- 
ganic matter). Because of its hybrid nature, and its promi- 
nence as a major water-use issue in Canada, it warrants 
separate identification in Figure 7.1. 


Figure 7.1 
Water Use in Economic and Other Human 


Activity 


Water in the environment 


Fresh surface water Ground water Sea/estuary wate 


Non-withdrawal use 
Withdrawal use hydroelectricity 
generation 


Economic processes and other human activity 


Industries Households Government 


Water recirculation Escaped steam and 
other water consumed 
Discharged water 


Direct Public sewage 
disposal treatment 


Note: 

The flows shown for non-withdrawal use represent flows of services, not water, from 
the environment. The dashed arrow signifes that a substantial portion may be lost to 
the local environment, but not to the environment at large. 


Although the non-withdrawal use of water contributes enor- 
mously to economic and other human activity, the water 
use account presented here is defined to include only the 
withdrawal use of water. The interaction between the envi- 
ronment and the former category is perhaps best measured 
using a variety of indicators such as accidental spills data 
and the area of resevoirs associated with hydroelectricity 
generation. 


The water use account focuses on the following: 


* the users of water (industries, households and govern- 
ment); 
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e the source of supply (fresh surface water, ground wa- 
ter and sea/estuary water), and whether it is drawn di- 
rectly by the user (self-supplied) or supplied by a 
municipal water utility; 


¢ the use to which the water is put (for example domes- 
tic use, cooling, industrial processes, sanitation); 


the incidence of water recirculation; 


° water “consumption”;! and, 
¢ the quantity and quality of waste water discharged by 
each sector into the environment. 


This is not a complete list of water-use variables that could 
be of interest for analysis. For example, studies of price 
elasticities of demand for water require information on the 
cost of obtaining and discharging water. However, the wa- 
ter-use variables listed above capture the important water 
resource interactions with economic and household activity. 
The factors driving this interaction are subjects for separate 
analysis (see for example Tate, Renzetti and Shaw, 1992). 


input-output analysis 


The Canadian System of National Accounts (CSNA) pro- 
vides an integrated and comprehensive picture of economic 
activity, both within Canada and between Canada and the 
rest of the world. Gross Domestic Product (GDP), the over- 
all measure of production in the economy, is probably the 
most widely used and publicised summary aggregate from 
the CSNA. The input-output tables present the most de- 
tailed elaboration of GDP, focusing in particular on the pro- 
duction and intermediate consumption activity of industries 
and the distribution of goods and services to final consum- 
ers. Because of this focus on industry use and production of 
commodities, input-output tables (suitably augmented) can 
provide a useful framework in which to study the interaction 
between the environment (including natural resource use) 
and economic activity. 


The national accounts are of course key to macroeconomic 
analysis and policy advising. Input-output analysis is an es- 
tablished technique for use in macroeconomic forecasting 
and simulation models. Therefore, the presentation of natu- 
ral resource use (and waste) data according to the concepts 
and classifications used in the input-output framework pro- 
vides economic analysts with a convenient data set to for- 


_— 


. Includes water lost as steam or evaporated in cooling and heating proc- 
esses, irrigation water lost by evaporation and transpiration, water 
embodied in products (for example beverages), and reticulation system 
leakages. In concept, it is a measure of the quantity of water not returned 
to point of source. 

2. The potential for using input-output analysis for the study of environmen- 

tal issues has been recognised for many years. Victor (1972), provided a 

generalised framework for the incorporation of environmental commodi- 

ties into the Canadian input-output tables. This work forms much of the 
conceptual basis for the input-output studies currently underway at Statis- 
tics Canada. 
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mally integrate environmental commodities into economic 
model building generally. 


A detailed technical description of input-output tables and 
their augmentation for the study of environmental commod- 
ities (greenhouse gas emissions) has already been pub- 
lished by Statistics Canada in a discussion paper (Smith, 
1991). As the techniques presented in that paper can be 
readily generalised to other environmental commodities, in- 
cluding water use, only a brief non-technical description of 
input-output analysis is presented here to aid the readers in- 
terpretation of the data presented in Tables 7.2 and 7.4. 


A basic identity in both economic theory and national ac- 
counting is that the supply of commodities (defined broadly 
to include services), equals demand. Commodities pro- 
duced by an industry are either purchased by another in- 
dustry for input to its production (intermediate consumption) 
or sold to final consumers (final consumption). Input-output 
tables are a fully balanced series of matrices showing com- 
modity flows between industries and to final consumers. 
They are compiled at a very detailed level (627 commodi- 
ties, 216 industries and 136 categories of final demand), but 
are published at a more aggregated level mainly for reasons 
of confidentiality under the provisions of the Statistics Act. 


Three basic input-output tables are compiled for each year: 
the make matrix, showing the value of each commodity pro- 
duced by each industry; the use matrix, showing the re- 
quirement of each industry for commodity and primary 
inputs; and the final demand matrix, showing the value of 
each commodity supplied to final demand. These tables 
are, of course, in value (dollar) terms. In the augmented in- 
put-output model employed in this study, an additional table 
relating to water use by each industry is also included (but 
measured in physical terms). 


Using the information contained in each of these tables, and 
given the identity that the supply of commodities equals de- 
mand, quite powerful input-output models can be formulat- 
ed. For example, the water requirements of industries given 
various economic growth scenarios can be simulated and 
forecast (see for example Tate, 1985). Input-output deriva- 
tions are shown in Tables 7.2 and 7.4. 


Sources of estimates and data 
quality 


Estimates of water use for the major water-using industries 
contained in Tables 7.1 and 7.3 are derived from Environ- 
ment Canada surveys. However estimates for the relatively 
small water using industries (the majority of industries), 
have been prepared by Statistics Canada from various 
sources in order to approximate all-of-Canada coverage, 
and to provide estimates for all industries and final demand 
sectors enumerated in the input-output tables (although 
they are published at a more aggregated level here). Im- 
portant comments about data quality are contained in the 
following paragraphs. 
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Environment Canada, in co-operation with Statistics Cana- 
da and the provinces, has been collecting water-use data 
from industries and municipalities for many years. Industrial 
Water Use Surveys were conducted for 1972, 1976, 1981, 
1986 and 1991', while municipal surveys were conducted 
for 1983, 1986, 1989 and 1991. Agriculture water-use esti- 
mates are prepared by Environment Canada using data for 
livestock numbers and land-area under irrigation together 
with water-use coefficients. 


Industrial Water Use Survey 


The Industrial Water Use Survey collects water use data for 
the mining, manufacturing and thermal electric power sys- 
tems industries. In order to keep collection costs to accept- 
able levels, only business establishments classified by 
Statistics Canada as “large businesses” are surveyed. Also, 
manufacturing industries that are considered relatively 
small water users are not surveyed except where their in- 
dustrial processes are known to result in high emissions of 
pollutants, despite their low water use. The 48 manufactur- 
ing industries surveyed (out of 100 manufacturing industries 
in the more detailed input-output industry classification) are 
expected to account for approximately 95 percent of water 
use by manufacturers. 


Because of the predominance of low-cost self-supply in ma- 
jor water-using industries, and because municipal authori- 
ties often charge without (or with only partial) metering, 
some businesses may not keep accurate, if any, records of 
the volume of water used. Therefore, there is often a degree 
of approximation in survey responses and the incidence of 
non-response is fairly high, necessitating imputations. De- 
spite these shortcomings, it is believed that the Industrial 
Water Use Survey provides data of acceptable quality. 


Special mention should be made of some factors affecting 
the accuracy of estimates for the mining industries. The 
quarries and sand pits industry (6) and the services related 
to mineral extraction industry (7) are not surveyed for water 
use. Estimates contained in Table 7.1 are approximations 
developed at Statistics Canada from other sources. Also, 
for the 1991 water use survey, coverage of the oil and nat- 
ural gas industry was not sufficient to produce reliable esti- 
mates. The estimates contained in Table 7.1 for this 
industry are based on 1986 water-use data adjusted for the 
changed level of oil and natural gas production in 1991. 
However, because of uncertainties in accounting for major 
shifts in mining technology, the estimates should be regard- 
ed as indicative only. 


The existence of minewater in water discharge data intro- 
duces some problems of interpretation. Although minewater 
is used as a source of water in mining operations, substan- 
tial amounts are simply pumped from the mine in order to 
prevent flooding. Conceptually, in these estimates all mine- 


1. A full description of the survey methodology, data items collected and a 
summary of results is contained in Tate and Scharf (1995, pending) and 
in earlier issues by the same authors. 
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water discharged is regarded as water use although it may 
not be used directly in mining processes. This is because it 
involves diversion of groundwater and the discharge of ef- 
fluents. For the mining industry, water intake is set to equal 
water discharged (the mine water component of water dis- 
charge is not known), with the consequence that water con- 
sumed is artificially shown as zero. ' 


Municipal data and sector and industry 
allocations 


Municipal surveys* collect information on water supplied by 
public water utilities from all municipalities with a population 
of 1 000 or more. They are asked to classify water supplied 
to four user classes: “residential”, “industrial”, “commercial” 
and “other”. No further industry detail is available from the 
survey. 


Water included in “other” was a substantial 15 percent of to- 
tal municipal water supplied in 1991, and reflects a number 
of factors including the incidence of respondents who could 
not provide or estimate adequate customer data for water 
volume because water metering is not used (or is only par- 
tially used). It also includes system leakages and some pub- 
lic uses such as for street cleaning and fire fighting. As the 
estimates in this paper are presented by sector and indus- 
try, water included in “other” had to be reallocated. For mu- 
nicipalities that included all water supplied in that category, 
those amounts were reallocated according to provincial av- 
erages for the four user classes. As the remainder was in 
the order of engineering estimates of system leakages, it 
was included in the government sector in Table 7.1. This 
approach attributes the leakage to water use by the munic- 
ipal water utility (as owner of the supply infrastructure) rath- 
er than the customer. 


Municipal water classified as “domestic” formed the basis of 
the personal sector estimates contained in Table 7.1. How- 
ever, domestic water use by over six million Canadians is 
not captured in the survey because they either reside out- 
side the municipalities in the survey or they do not draw wa- 
ter from a municipal water utility. The figures shown in Table 
7.1 include an estimate for this missing domestic water use, 
based on water use per person in the surveyed sector ad- 
justed for the affect of lifestyle differences, based on U.S. 
studies (U.S. Geological Survey, 1987, p. 71). 


A variety of sources were used to allocate the “industrial” 
and “commercial” user classes to industry. As the Industrial 
Water Use Survey asks respondents to supply information 
on their source of water, municipal supply for those re- 
spondents can be taken from that source. Estimation tech- 
niques were used to allocate the remainder of municipal 
supply to individual industries and the government sector. 


1. In practice, water consumption is calculated by subtracting water dis- 
charged from water intake. 
2. Environment Canada, Municipal Water Use Data (MUD). 
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The approach used in deriving the estimates was first to 
take employment data for the government sector and the re- 
maining industries and combine with other person-based in- 
dicators including school enrollment, hospital and care- 
facility bed days, persons in correctional institutions, pas- 
sengers through airports, and overnight stays in hotels. This 
result was multiplied by a water-use coefficient (water use 
per person). Differences between the aggregate all-industry 
first estimate derived in this way and the benchmark provid- 
ed an indication of the suitability of assumptions. Any differ- 
ences after further adjustments were allocated on a pro rata 
basis. 


Where available, water-use coefficients for estimated man- 
ufacturing and mining industries were based on comparable 
U.S. data (U.S. Bureau of the Census, 1982).° Coefficients 
for the remaining industries and the government sector 
were chosen individually after considering a variety of indi- 
cators. These included a micro-data analysis of water use 
per employed person by industries included in the Industrial 
Water Use Survey, an analysis of water audit studies under- 
taken by Public Works Canada for a variety of government 
buildings, and domestic water use per person. 


As the methods are indirect, the resulting estimates should 
be regarded more as “approximations” or “allowances” for 
the purpose of input-output analysis of aggregate water 
use, and are not regarded as reliable in their own right. Nev- 
ertheless, it was considered important that estimates be 
made for these industries, as analysis of municipal water 
demand is an important area of economic and environmen- 
tal study, particularly as the provision and maintenance of 
water utility and sewage treatment infrastructure is a large 
public cost. Table 7.1 contains a column signifying whether 
estimates are derived substantially from 1991 survey data 
or from the various indirect sources. 


Because of lack of data, it is assumed that these relatively 
small water using industries and the government sector 
draw water only from municipal supplies, (water withdraw- 
als from other sources are shown as zero in Tables 7.1 and 
7.2). There will be cases where this assumption does not 
hold. For example, accommodation and recreation facilities 
such as golf courses that are close to rivers and lakes typi- 
cally supply their own water. 


Analysis of water use estimates 


Canadian industries, households and governments with- 
drew 45 billion cubic metres of water from the environment 
in 1991, approximately 90 percent of which was returned at 


3. Water use in U.S. mining and manufacturing establishments for 1983 was 
collected as a follow up to the 1982 U.S. Census of Mining and Manufac- 
turing and is the latest year for which detailed industry data are available. 
Use of these data to provide water use per employed person co-efficients 
for the derivation of estimates in this paper rests on the assumption that 
manufacturing technology in respect of water use and capital intensity 
has not changed in almost a decade and that U.S. results are transferra- 
ble to Canada. 


Environmental Perspectives 


Water Use in Economic and Domestic Activity 


8 SS eee 


Table 7.1 
Water Use by Sector, 1991 


Self supplied Municipal Total Water Gross Water Water Data 
Surface Ground! Sea/estuary intake recirculated wateruse consumed discharged __reliability* 
millions of cubic metres 
Business sector 


1 Agricultural and related services 3 472.0 519.0 - - 3991.0 - 3 991.0 3 089.0 902.0 E 
2 Fishing and trapping - - = : - P = ‘ E 
3 Logging and forestry - - - - - - = x : E 
4 Mining 280.9 181.7 5.7 20.2 488.5 1 220.7 1 709.2 - 488.5 S$ 
5 Crude petroleum and natural gas 102.1 6.0 - 0.3 108.4 735.6 844.0 56.0 52.4 E 
6 Quarries and sand pits 65.0 - - - 65.0 - 65.0 13.0 52.0 = 
7 Services related to mineral extraction 5.0 - - - 5.0 - 5.0 20 2.5 E 
Sub-total, primary resource industries (1-7) 3 925.0 706.7 5.7 20.5 4 657.9 1 956.3 6 614.2 3 160.5 1 497.4 
8 Food products 72.9 45.1 65.1 179.5 362.6 201.1 563.8 29.6 333.0 cS) 
9 Beverages 18.8 12.2 - 44.3 75.3 16.7 92.0 12.2 63.1 Ss 
10 Tobacco products = - - 1.8 1.8 1.8 3.6 0.4 1.4 E 
11. Rubber products 47 8.7 - 8.5 21.9 56.3 78.1 2.1 19.8 S 
12 Plastic products 2.4 0.9 - 53.9 57.2 261.0 318.2 STs 53.5 Ss 
13 Leather and allied products - - - 2.3 2.3 0.2 PMS) 0.1 2.2 E 
14 Primary textile and textile products 249.3 1.1 - 29.4 27919 192.3 472.2 36.6 243.3 S 
15 Clothing - - - 9.3 9.3 0.9 10.3 0.5 8.9 iS 
16 Wood products 39.8 2.3 Ths) 24.2 73.7 6.1 79.8 15:9) CY AA Ss 
17 Furniture and fixtures = - - 5:9 5.9 0.6 6.5 0.3 5.6 E 
18 Paper and allied products 2718.0 31.1 2.9 154.3 2 906.2 2 242.6 5 148.8 184.8 2721.4 Ss 
19 Printing, publishing and allied products - - - 13.4 13.4 las) 14.7 1.2 12.1 E 
20 Primary metal products 1 487.9 1.6 4.2 89.5 1 583.1 1715.3 3 298.4 91.6 1491.5 Ss 
21 Fabricated metal products Ther 0.9 - 50.9 59.0 32.7 91.7 3.4 55.6 EB 
22 Machinery = - - 23.1 23.1 2.3 25.4 4.1 19.0 E 
23 Transportation equipment 3.6 0.4 -- 107.8 111.8 39.0 150.8 9.1 102.7 E 
24 Electrical and electronic products - - - 28.2 28.2 2.8 31.0 2.9 25.3 E 
25 Non-metallic mineral products 43.4 32.5 0.3 74.4 150.5 172.8 323.3 52.8 97.8 S) 
26 Refined petroleum and coal products 323.8 1.6 93.1 21.0 439.4 1018.1 1 457.5 34.6 404.8 Ss 
27 Chemical and chemical products 1 223.4 eal 0.6 72.2 1 298.3 1 006.3 2 304.6 95.2 1 203.1 iS) 
28 Other manufacturing industries = - = 7.3 7.3 0.7 8.0 0.4 6.9 E 
Sub-total, manufacturing industries (8-28) 6 195.1 140.3 173.5 1 001.3 7 510.3 6971.0 14481.3 581.7 6 928.6 
29 Construction 0.3 - - 3.5 3.9 - 3.9 3.9 - [= 
30 Transportation - - - 8.5 8.5 - 8.5 2.0 6.5 E 
31 Pipeline transport = - - 0.1 0.1 - 0.1 0.1 - Ee 
32 Storage and warehousing - - - 0.5 0.5 - 0.5 0.1 0.4 E 
33 Communications - - - 5.1 Onl - 5.1 0.5 4.6 E 
34 Thermal electric power and other utilities 26 124.8 8.8 2 148.4 6.7 28 288.7 3374.3 31663.0 105.2 28 183.6 tS) 
35 Wholesale trade - - - 15.8 15.8 - 15.8 1.6 14.2 e 
36 Retail trade - - - 37.4 37.4 - 37.4 11.2 26.2 E 
37 Finance and real estate - - - toed 15.1 - 15.1 1.5 13.6 E 
38 Insurance - - - 2.2 2.2 - 2.2 0.2 2.0 E 
41 Business services - - - 17.6 17.6 - 17.6 1.8 15.8 E 
42 Educational services® - - - 0.9 0.9 - 0.9 0.1 0.8 E 
43 Health services? - - - 32.0 32.0 - 32.0 3.2 28.8 E 
44 Accommodation and food services - - - 135.4 135.4 - 135.4 27.1 108.3 E 
45 Amusement and recreational services - - - 46.1 46.1 - 46.1 9.2 36.9 E 
46 Personal and household service - - - 42.5 42.5 - 42.5 4.3 38.3 E 
47 Other services - - - 7.9 7.9 - 7.9 0.8 Tal E 
Sub-total, service industries (30-33,35-47) - - - 367.1 367.1 - 367.1 63.6 303.5 
Sub-total, business sector (1-47) 36 245.3 855.8 2 327:6 1399.2 40 827.9 12301.6  53129.5 3914.8 36 913.1 
Personal sector a = oo 2777.0 3 334.0 - 3 334.0 ns = iS) 
Government sector* - - - 949.0 949.0 - 949.0 ee - E 
Sub-total, personal and government sectors oo co es 3 726.0 4 283.0 4 283.0 


Total, whole econom co es we §125.2 45110.9 12301.6 574125 


fe) y an ef 
Notes: 

1. Includes mine water discharged. 

2. "S" denotes an estimate which is predominantly based on survey data available for 1991. "E" denotes an estimate which is predominantly based on indirect methods or survey sources that 
are significantly out of date. These latter estimates should be interpreted as "approximations". 

3. Includes services provided by private sector only. Public education and health are included in estimate for the government sector. 

4. Includes 598 million cubic metres of water unaccounted for or lost as leakage in municipal water systems. 

Source: 

Statistics Canada, National Accounts and Environment Division. 
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Table 7.2 
Derived Water Use Statistics for Industries, 1991 
Self Municipal Total Gross Water Water Use Consumption 
supplied intake use consumed discharged rate! rate* 
thousands of cubic metres per million dollars of output 

1 Agricultural and related services 167.5 167.5 167.5 129.6 37.9 1.0 77.4 
2 Fishing and trapping - = = 5 > = - - 
3 Logging and forestry 2 - = - = - - 
4 Mining 38.7 Uz 40.4 141.2 - 40.4 3.5 - 
5 Crude petroleum and natural gas 5.8 ee 5.8 45.1 3.0 2.8 7.8 ret lave 
6 Quarries and sand pits 59.1 - 59.1 59.1 11.8 47.3 1.0 20.0 
7 Services related to mineral extraction ee - 1.2 ify 0.6 0.6 1.0 50.0 
8 Food products 4.6 4.5 9.1 14.1 0.7 8.3 1.6 8.2 
9 Beverages 5.2 7.4 Wea/ 15.5 2.0 10.6 be 16.1 
10 Tobacco products - 0.9 0.9 1.9 0.2 Ol7, 2.0 24.5 
11. Rubber products 5.0 3.1 8.1 28.9 0.8 7.3 3.6 9.7 
12 Plastic products 0.6 9.4 9.9 55.3 0.6 9.3 5.6 6.4 
13 Leather and allied products 2.4 2.4 2.6 0.1 2.3 leu 5.8 
14 Primary textile and textile products 43.4 Sul 48.5 81.8 6.3 42.1 1.7 13.1 
15 Clothing he) ile) 1.6 0.1 1.4 Val 5.0 
16 Wood products 3:7 1.8 5.5 6.0 ner 4.3 dul 21.6 
17 Furniture and fixtures = lea) 1h5 1.6 0.1 1.4 14 5.0 
18 Paper and allied products 128.0 Te 135.2 239.5 8.6 126.6 1.8 6.4 
19 Printing, publishing and allied products - 1.0 1.0 Hie 0.1 0.9 1.1 9.4 
20 Primary metal products 69.3 4.2 TAS 153.0 4.3 69.2 2.1 5.8 
21 Fabricated metal products 0.5 3.2 3.7 5.7 0.2 3.5 1.6 Sig 
22 Machinery - 2.5 2.5 2.8 0.5 2.1 eu 17.8 
23 Transportation equipment 0.1 2.1 2.2 3.0 0.2 2.0 1.3 8.1 
24 Electrical and electronic products - 1.4 1.4 15 0.1 1.2 1A 10.4 
25 Non-metallic mineral products intar/ 11.5 23.2 49.8 8.1 oat 2.1 35.0 
26 Refined petroleum and coal products 23.9 1.2 25a 83.2 2.0 23.1 3.3 7:9 
27 Chemical and chemical products 54.7 3.2 57.9 102.7 4.2 53.6 1.8 7.3 
28 Other manufacturing industries - 1.1 1.1 ee 0.1 ile 1.1 5.9 
29 Construction -- -- -- -- -- - 1.0 100.0 
30 Transportation? - 0.2 0.2 0.2 = 0.2 1.0 23.4 
31. Pipeline transport - -- -- -- -- - 1.0 100.0 
32 Storage and warehousing - 0.4 0.4 0.4 0.1 0.3 1.0 20.0 
33 Communications - 0.2 0.2 0.2 -- 0.2 1.0 10.0 
34 Electric power 1 056.9 0.2 WOSzan 1 183.2 3.9 1 053.2 ee 0.4 
35 Wholesale trade? - 0.3 0.3 0.3 -- 0.3 1.0 10.0 
36 Retail trade® - 0.7 0.7 0.7 0.2 0.5 1.0 30.0 
37 Finance and real estate - 0.2 0.2 0.2 -- 0.2 1.0 10.0 
38 Insurance 2 0.2 0.2 0.2 = 0.2 1.0 10.0 
41 Business services - 0.4 0.4 0.4 -- 0.4 1.0 10.0 
42 Educational services - 0.4 0.4 0.4 == 0.4 1.0 10.0 
43 Health services - ile? ise ET? 0.2 1.6 1.0 10.0 
44 Accommodation and food services : Sal 5.1 iy] 1.0 44 1.0 20.0 
45 Amusement and recreational services - 4.7 4.7 4.7 0.9 3.8 1.0 20.0 
46 Personal and household service = 4.9 4.9 4.9 0.5 4.4 1.0 10.0 
47 Other services - 0.6 0.6 0.6 0.1 0.6 1.0 10.0 
Notes: 


1. Calculated as gross use divided by total intake. 
2. Calculated as water consumed divided by total intake times 100. 
3. Output for the transport, retail and wholesale trade industries is defined as the mar 


Source: 


Statistics Canada, National Accounts and Environment Division. 
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or close to point of source after use. Total intake represent- 
ed 1.5 percent of estimated precipitation for the year (2 905 
cubic kilometres). Precipitation measures the amount of 
water renewed annually through the hydrological cycle. 


The agriculture, manufacturing and thermal electric power 
industries together accounted for 88 percent of total water 
withdrawals in 1991, with domestic use accounting for only 
7 percent. Thermal electric power was by far the largest us- 
er, accounting for 63 percent. Because of its large contribu- 
tion to water use totals, it is often useful to isolate data for 
thermal power when analysing water use. Three of the 21 
manufacturing industries represented in Table 7.1 (paper 
and allied products (18), primary metals (20) and chemical 
and chemical products (21)) accounted for 77 percent of 
manufacturing water use. 


When viewed in terms of direct water-use coefficients (wa- 
ter withdrawals per dollar unit of output) in Table 7.2, the 
above mentioned industries also ranked high among all in- 
dustries, with the electric power industry using more water 
per unit of output than any of the others, again by a large 
factor. 


Comparisons of the magnitude of water withdrawals in iso- 
lation can be misleading, as ultimately the environmental 
impact of water use is a consequence of the discharge of 
water-borne pollutants and water consumption or diversion. 
Therefore, the use to which water is put in economic and 
human processes and the pollution abatement practices in- 
place within an establishment are also important elements 
to consider. Only limited information on these aspects of 
EY use is available from the water use survey (see be- 
low). 


Only 11 percent of water was drawn from municipal sources 
in 1991, the remainder being self supplied. However, if the 
thermal electric power industry is excluded, the municipal 
proportion was a more substantial 30 percent. Of course, 
municipal water is also drawn from (and returned to) the en- 
vironment. If municipal and rural water was withdrawn from 
source in the same proportions as in 1981 (Statistics Cana- 
da, 1994, p. 279), 91 percent of all water withdrawals in 
Canada would have been taken from fresh surface waters, 
4 percent from ground water and 5 percent from sea/estu- 
ary sources. 


Agriculture was by far the largest consumptive user of wa- 
ter, accounting for 79 percent of water consumed by indus- 
tries. Water consumption refers to water that is not returned 
(discharged) at or close to point of source after use. Of wa- 
ter used for irrigation and livestock watering, 23 percent is 
estimated to be discharged back to source. The concept of 
discharge for the agriculture industry is defined to include 
waste irrigation water that drains through the soil to the wa- 
ter table, thereby returning more or less to nearby surface 
waters. Consumption rates for each industry are shown in 


1. Statistical studies on waste emissions and pollution abatement expendi- 
tures are underway at Statistics Canada and will be reported on in the 
future. 
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Table 7.2. Estimates are not available for household and 
government water consumption. 


Gross water use measures an industry’s technical require- 
ment for water in production processes (given current tech- 
nology and water cost and supply conditions).This 
requirement for water can be met using withdrawals from 
the environment, or by a combination of withdrawals and re- 
circulation. Obviously, the higher the rate of recirculation, 
the less impact economic processes have on the environ- 
ment. Table 7.2 shows the use rate for each industry, calcu- 
lated by dividing gross use by intake. It measures the 
number of times intake water is recirculated. All manufac- 
turing industries recirculated water to some extent, although 
only six of the 21 industries in the manufacturing group re- 
circulated intake water two or more times. Within this group, 
the plastic products industry showed the highest recircula- 
tion rate at 5.6 times. Considering all industries, the crude 
petroleum and natural gas industry had the highest recircu- 
lation rate of any industry (7.8). 


Purpose of water use 


Table 7.3 shows the use of water by purpose in selected in- 
dustries. Process and sanitary water comes in direct con- 
tact with unfinished products, raw materials or wastes and 
therefore may contain chemical or solid residues on dis- 
charge. It includes water which is embodied in products. 
Cooling, condensing and steam water includes pass- 
through water used for cooling and condensing, air condi- 
tioning, and the creation of steam. It does not come in direct 
contact with process materials but, of course, is subject to 
temperature change (increased temperatures in water bod- 
ies can harm aquatic species and increase rates of evapo- 
ration). Even though it has a cooling function, quenching 
water is included in the former category because it comes 
in direct contact with the process materials. As mentioned 
previously, the extent to which pollutants (including waste 
heat) are discharged to the environment in waste water de- 
pends on pollution abatement practices. 


Domestic use 


Of water used within the home, around 75 percent is for 
bathroom and toilet use, 20 percent for laundry, and 5 per- 
cent for cooking/drinking (Environment Canada, 1992, p. 8). 
Lawn watering and other outdoor uses can be significant in 
summer. Pollutants contained in domestic waste water in- 
clude organic materials (oxygen-demanding substances), 
viruses, refractory organics, detergents, phosphates, 
grease and oil, salts and solids (Manahan, 1984, p. 166). To 
the extent that sewage is inadequately treated (or not treat- 
ed at all), these pollutants enter the aquatic environment. Of 
the 75 percent of the population served by sewage collec- 
tion systems in 1991, 84 percent had some form of sewage 
treatment, while the remainder discharged wastewater di- 
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rectly to receiving water bodies (Environment Canada, 
1994, p. 3). 


Agriculture 


Except for thermal power, agriculture withdraws more water 
than any other industry and is by far the largest consump- 
tive user of water. Water is used in agriculture for irrigation 
and for livestock production (drinking water, sanitation and 
waste disposal). Data for 1981 (the latest available Environ- 
ment Canada estimates by purpose of use), show irrigation 
use to be 88 percent of total water use in agriculture. Irriga- 
tion, by nature, is concentrated in areas that experience dry 
seasonal conditions, a factor which heightens its impact on 
aquatic environments. Irrigation and its associated dam 
construction and diversion works affects stream flows and 
return water contains dissolved fertilizers, pesticides, salts 
and sulphates (Government of Canada, 1991, p. 3-10). 


Thermal electricity industry 


Although water use by purpose data are not available for 
this industry, nearly all water use is for condenser cooling, 
with relatively smaller amounts being used for boiler feed 
and purposes such as ash control and sanitation. As ther- 
mal power stations often employ once-through cooling sys- 
tems, water is returned to the environment at a higher 
temperature than it is withdrawn, with consequential envi- 
ronmental impacts. Although the consumption rate is only 
0.4 percent, it is relatively substantial in volume terms. The 
consumption rate would be higher if the increased evapora- 
tion from warmer receiving waters was taken into account. 


Table 7.3 
Water Use by Purpose for Selected 
Industries 


Process and Cooling, condensing Total 
sanitary use and steam use 
millions of cubic metres 


4 Mining 300.2 59.1 359.3 
8 Food products 219.5 143.1 362.6 
14 Primary textile and textile products 70.0 209.8 279.8 
18 Paper and allied products 2 281.2 625.0 2 906.2 
20 Primary metal products 674.4 908.7 1 583.1 
26 Refined petroleum and coal products 53.0 386.4 439.4 
27 Chemical and chemical products 201.5 1096.9 1 298.4 

All other manufacturing 358.5 282.3 640.8 

Total manufacturing 3 858.1 3 652.2 7 510.3 


Source: 
Statistics Canada, National Accounts and Environment Division. 


Mining 


The predominant use of water in the mining industry (4) is 
process and sanitary use (84 percent). The composition of 
minewater effluent varies with the composition of the ore, 
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but it is commonly acidic. Mineral concentration activity is a 
heavy user of water. Although process water is generally 
held in tailings ponds before release, the discharged water 
typically contains residues of ore and other waste minerals 
as well as small quantities of chemicals which can be highly 
toxic (Government of Canada, 1991, p. 3-12). The crude pe- 
troleum and natural gas industry (excluded from Table 7.3 
because reliable estimates are not available for 1991) uses 
large amounts of water for condensing of natural gas, for 
heat extraction of crude from oil sands and for injection into 
wells to enhance oil recovery. 


Paper and allied products industry 


The paper and allied products industry (18) is a large water 
user and its impact on aquatic systems has been an in- 
creasing focus of attention in recent years. Water use is pre- 
dominately for process purposes (76 percent). Water is 
used in cleaning and steaming wood chips and for adding 
to pulp to make a slurry from which paper is made. Effluent 
from mills include solid waste and chlorinated organic 
chemicals such as dioxins and furans, which are of particu- 
lar concern as they have the propensity to bioaccumulate 
(Government of Canada, 1991, p. 3-12). 


Primary metals industry 


The primary metal products industry (20) is the second larg- 
est user of water in the manufacturing sector (after the pa- 
per and allied products industry), with the primary steel 
industries and non-ferrous smelting and refining industries 
accounting for over 90 percent of the water use. As an indi- 
cation of water use in this industry, U.S. sources state that 
blast furnaces typically use around 42 cubic meters of water 
to produce one ton of iron, with additional amounts required 
to convert iron to steel (U.S. Geological Survey, 1987, 
p. 88). Cooling accounts for 57 percent of water use, the re- 
mainder being for process, sanitary and other purposes. 
Process use includes quenching, sintering, scale removal, 
and cleaning of blast furnaces. Wastewater can include 
contaminants such as suspended solids, metals, oil and 
grease, cyanide, ammonia, acids and phenols (Environ- 
ment Ontario, 1991). 


Refined petroleum and coal products 
industry 


As petroleum refining uses heat to separate the various 
products from crude oil, the predominant use of water in this 
industry (26) is for cooling (the cooling, condensing and 
steam water use category represents 88 percent of total 
water use). However in volume terms, large amounts of 
process water is also used. Largely in response to federal 
effluent regulations and guidelines, the industry has dra- 
matically reduced its liquid discharge of sulphides, ammo- 
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Table 7.4 
Total Water Intensity of Commodities, 1991 
Self Municipal Total Gross Water 
supplied intake use consumed 
thousands of cubic metres per million dollars of output 
he Grains and live animals 258.1 1.3 259.4 275.5 165.1 
3 Other agricultural products 257.6 1:3 258.9 275.0 164.8 
4 Forestry products 27.0 0.7 27.8 35.3 6.4 
5 Fish landings 15.2 0.7 15.9 23.0 Unt 
6 Hunting & trapping products 20.5 1.1 21.6 30.0 5.4 
i lron ores & concentrates 100.7 2.2 103.0 217.0 1.0 
8 Other metal ores & concentrates 106.1 2.7 108.8 221.9 1.6 
9 Coal 100.7 2.2 103.0 216.9 1.0 
10 Crude mineral oils 43.0 0.5 43.5 90.2 3.8 
11 Natural gas 43.0 0.5 43.5 90.1 3.8 
12 Non-metallic minerals 88.2 1.7 89.9 142.2 6.9 
13 Services incidental to mining 38.0 0.9 38.9 52.5 1.9 
14 Meat products 103.0 6.1 109.2 127.7 49.3 
15 Dairy products 100.0 6.2 106.3 124.6 47.3 
16 Fish products 99.5 6.2 105.7 123.9 47.0 
17 Fruit & vegetable preparations 97.5 6.2 103.7 121.8 45.7 
18 Feeds 97.2 6.1 103.3 121.2 45.7 
19 Flour, wheat, meal & other cereals 100.1 6.2 106.4 124.7 47.3 
20 Breakfast cereal & bakery products 93.7 5.7 99.5 116.6 42.8 
21 Sugar 100.1 6.2 106.4 124.7 47.3 
22 Miscellaneous food products 99.3 6.0 105.2 123.4 46.8 
23 Soft drinks 41.3 9.3 50.6 65.7 8.1 
24 Alcoholic beverages 39.1 9.4 48.5 63.4 6.6 
25,26 Tobacco and cigarettes 58.0 2.1 60.2 73.1 24.1 
27 Tires & tubes 45.9 4.1 50.0 83.4 ue 
28 Other rubber products 48.7 45 53.2 88.0 Bef 
29 Plastic fabricated products 57.8 10.4 68.2 133.3 2.8 
30 Leather & leather products 28.1 3.5 31.7, 41.4 3.2 
31 Yarns & man made fibres 91.3 6.7 98.0 148.8 8.5 
32 Fabrics 90.0 6.7 96.6 146.7 8.4 
33 Other textile products 87.7 6.5 94.2 143.1 8.1 
34 Hosiery & knitted wear 27.8 2.9 30.7 42.4 1.9 
35 Clothing & accessories 28.7 3.0 31.7 44.0 2.0 
36 Lumber & timber 44.1 2.8 46.9 57.4 3.9 
37 Veneer & plywood 43.8 2.8 46.6 57.0 3.9 
38 Other wood fabricated materials 43.8 2.8 46.6 5725 3.8 
39 Furniture and fixtures 36.7 3.1 39.8 55.2 ler 
40 Pulp 244.0 9.1 253.1 390.0 11.9 
41 Newsprint and other paper stock 243.0 shi 252.1 388.4 11.8 
42 Paper products 196.1 8.5 204.6 318.4 9.6 
43 Printing & publishing 50.4 aig §3.2 77.4 Daa 
44 Advertising and print media 48.4 PAH 51.1 74.1 2.2 
45 lron & steel products 143.6 5:5) 149.1 260.5 eH) 
46 Aluminum products 151.2 5.6 156.8 274.8 5.8 
47 Copper & copper alloy products 149.5 5.6 155.1 271.7 SE 
48 Nickel products 153.1 5.6 158.8 278.5 5.8 
49 Other non ferrous metal products 140.7 55 146.2 255.0 5.5 
50 Boilers, tanks & plates 45.8 4.6 50.4 77.0 Uet/ 
51 Fabricated structural metal products 56.6 4.8 61.4 97.0 2.2 
52 Other metal fabricated products 56.6 4.9 61.5 98.2 2.2 
53 Agricultural machinery 29.1 3.6 32.7 47.2 1-5 
54 Other industrial machinery 33.8 3.4 37.2 55.6 1.6 
55 Motor vehicles 20.8 3.2 23.9 34.2 0.9 
56 Motor vehicle parts 22.4 3.2 25.6 37.1 1.0 
57 Other transport equipment 21.0 3.0 24.0 34.3 0.9 
58 Household appliances & receivers 24.2 2.5 26.7 38.2 1.0 
59 Other electrical products 22.4 2.4 24.8 35.1 1.0 
60 Cement & concrete products 75.9 13.5 89.4 136.2 10.5 


Water 
discharged 


94.3 
94.1 
21.3 
14.2 
16.2 
102.0 
107.2 
102.0 
39.7 
39.7 
83.0 
37.0 
59.8 
59.0 
58.7 
58.0 
57.7 
59.0 
56.7 
59.0 
58.4 
42.5 
41.9 
36.0 
47.8 
50.6 
65.4 
28.4 
89.5 
88.2 
86.1 
28.8 
PALIT 
43.0 
42.7 
42.8 
38.0 
241.3 
240.3 
195.0 
50.9 
48.9 
143.7 
151.0 
149.4 
152.9 
140.7 
48.7 
59.3 
59.3 
31.2 
35.5 
23.0 
24.7 
23.1 
20:7 
23.8 
78.8 


60 Cement & Concrete PEO CS 
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Table 7.4 


Total Water Intensity of Commodities, 1991 (Concluded) 


61 Other non-metallic mineral products 

62 Gasoline & fuel oil 

63 Other petroleum & coal products 

64 Industrial chemicals 

65 Fertilizers 

66 Pharmaceuticals 

67 Other chemical products 

68 Scientific equipment 

69 Other manufactured products 

70-72 Construction 

73 Pipeline transportation 

74 Transportation & storage 

75-77 Radio, television, telephone and postal services 
78 Electric power 

79 Other utilities 

80 Wholesale margins 

81 Retail margins 

82 Imputed rent, owner occupied dwellings 
83 Other finance, insurance & real estate 
84 Business services 

85 Education services 

86 Health services 

87 Amusement & recreation services 

88 Accommodation & food services 

89 Other personal & miscellaneous services 
90 Transportation margins 

91 Operating, office, lab. & food supplies 
92 Travel, advertising & promotion 
Source: 


Statistics Canada, National Accounts and Environment Division. 


nia, nitrogen, oil and grease and total suspended solids 
since 1972 (Government of Canada, 1991, p. 3-12). Intake 
water is recirculated on average 3.3 times. 


Chemical and chemical products 
industry 


The chemical industry (27) is diverse and includes industrial 
organic and inorganic chemicals, plastics, pharmaceuticals, 
paints, soap and cleaning compounds, and toilet prepara- 
tions. Eighty-four percent of water use is for cooling, con- 
densing and steam. However in volume terms, the industry 
uses large amounts of process water for the production of 
chemicals, residues of which can be discharged in waste 
water. Process waste water could include acids, bases, 
suspended solids, oil and grease, organic carbons, and tox- 
ic pollutants such as metals, phenols, and chlorinated hy- 
drocarbons (Environment Ontario, 1991). Intake water is 
recirculated 1.8 times. 
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Water requirements of 


commodities 


Self Municipal Total Gross Water Water 
supplied intake use consumed discharged 
thousands of cubic metres per million dollars of output 
71.6 12.5 84.1 128.1 9.7 74.4 
60.8 itz 62.5 143.8 3.9 58.6 
65.0 1.8 66.8 138.5 4.2 62.6 
116.6 4.5 121.1 188.2 7.0 114.1 
133.3 2.6 135.9 220.7 8213 103.6 
117.8 4.5 122.2 188.4 8.1 114.1 
113.1 4.6 ilar 180.5 8.6 109.1 
30.3 2.5 32.8 47.4 ies} 31.5 
40.5 3.4 43.9 68.6 onl 41.9 
21.2 ies) 22.8 Sai7, alr 21.0 
102.3 0.3 102.6 116.6 0.7 101.9 
21.2 0.9 22.1 31.2 0.9 21.2 
9.4 0.6 10.0 12.4 0.3 9.7 
1 069.7 0.5 1 070.2 1 202.3 4.3 1 066.0 
1 070.0 0.5 1070.5 1 202.5 4.3 1 066.2 
24.0 1.4 25.4 33.8 2.3 23.1 
41.0 len 42.1 49.7 1.0 41.1 
lee 0.1 1.3 1.8 0.1 1.2 
31.2 0.5 31.7, 37.2 0.6 31.1 
10.4 0.8 11.2 14.0 0.4 10.8 
39.0 0.9 39.9 47.2 0.8 39.1 
10.5 2.0 12.5 15.2 0.5 12.0 
29.7 5.6 35.3 41.0 1.8 33.5 
45.0 6.3 51.3 59.8 9.9 41.4 
32.9 ae 35.2 42.8 nae 34.1 
18.9 0.8 19.7 27.9 0.8 18.9 
38.4 2.2 40.7 58.7 4.6 36.1 
26.5 2.1 28.7 38.8 2.6 26.1 


Table 7.4 utilizes one of the main features of input-output 
modelling to show the total quantity of water required to pro- 
duce a unit value of a commodity for delivery to final de- 
mand. This is referred to as an “impact” or “total 
requirements” table and includes both direct and indirect 
water requirements, the meaning of which can best be illus- 
trated by an example. The direct water requirement for the 
production of a motor vehicle is the water used by the motor 
vehicle manufacturer per dollar of motor vehicle output. 
However the motor vehicle industry also has requirements 
for commodities as inputs, for example steel, electricity, 
components, and tires, all of which have their own direct 
water requirements. The steel manufacturer has require- 
ments for water to produce the steel sold to the car manu- 
facturer and so on. Therefore, the total water required to 
produce a motor vehicle is the sum of direct and indirect wa- 
ter requirements. 


As expected, Table 7.4 shows that commodities which are 
primary to large water using industries also tend to have 
high water-use intensities per dollar unit of output. For ex- 
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ample, electric power requires 1.1 million cubic metres per 
million dollars produced and is by far the most water inten- 
sive commodity. In one sense, this actually understates the 
true water intensity of thermal electricity as the dollar value 
of output includes hydroelectricity (which does not “with- 
draw” water) in addition to thermal electricity. Agricultural 
commodities (1-3) and pulp (40), newsprint and other paper 
stock (41) all have a similar water intensity of approximately 
250 thousand cubic metres per million dollars of output. 


Total water intensity estimates are more interesting for 
higher order commodities that contribute substantially to fi- 
nal demand. For instance, motor vehicles (55) require 24 
thousand cubic metres of water per million dollars of output. 
This is almost eleven times the amount of water used direct- 
ly by the transportation equipment industry in the manufac- 
ture of its output. An extreme example of this multiplier 
affect is construction commodities (70-72), where water re- 
quirements are close to six hundred times the small amount 
of water used directly by the construction industry. High but 
less extreme multipliers are also evident for wholesale and 
retail tade margins (80-81), reflecting the high direct and in- 
direct water use of inputs such as paper and energy (but ex- 
cluding water use in the production of goods sold as they 
are excluded from the concept of margins). 


Other commodities that make a substantial entry into final 
demand, and have a relatively high water intensity, include 
the various food categories (14-22) and pharmaceuticals 
(66). It is interesting to note that food products are over 
twice as water intensive as soft drinks and alcoholic bever- 
ages, despite the fact that the latter consist almost entirely 
of water. 


A word of caution is necessary. Because of the way input- 
output tables are constructed, total water intensities derived 
for some commodities are not realistic. Where an industry 
produces more than one commodity, the water intensity of 
those commodities will be virtually the same and reflect the 
intensity of the industry’s total output. For example, the wa- 
ter intensites shown for grains (1), live animals (2) and other 
agricultural commodities (3) should be viewed more as ag- 
ricultural industry averages than as accurate measures of 
the water intensity of each commodity taken separately. 


If the water-use intensities shown in Table 7.4 were multi- 
plied by the value of final demand for each commodity, the 
result summed for all commodities would equal the total 
amount of water used by the business sector (as shown in 
Table 7.1). If a different set of final demands were postulat- 
ed, the water requirements of that new level of production 
could be simulated, given certain standard assumptions re- 
quired for input-output analysis. Similarly, a time series of 
total water intensity coefficients could be used to study the 
impact of changes in industry technologies on the water re- 
quirements of different commodities (for example, see Tate, 
1986). 


Domestic and government direct water use is not deter- 
mined within the total water intensity model used to derive 
the estimates in Table 7.4 because both water supply and 
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use for those sectors is contained within final demand. To 
the extent that water use is related to final expenditures, for 
example personal expenditure on gross imputed rent and 
various categories of government consumption expendi- 
tures (for example on hospitals, education and defence), 
these components could be internalised as direct co-effi- 
cients (water use per dollar of final expenditure). Alterna- 
tively, if analysis shows water use by these sectors to be 
more dependent on other variables, such as population or 
employment, it should best be determined outside the input- 
output model. This is the approach adopted in these esti- 
mates. 


Conclusion 


The state of Canada’s water resources has been a key is- 
sue in the environmental debate for many years. Water use 
accounts provide a structured set of statistics at the national 
and provincial level that provide information on who is with- 
drawing water and how much, where it is coming from, 
what it is being used for, and the incidence of recirculation. 
The use of an input-output framework for the presentation 
of statistics is particularly suited for highlighting and analys- 
ing the interaction between economic activity and the envi- 
ronment. Work to extend the data set within this framework 
for earlier years (using Environment Canada and other 
sources) is underway. When that work is complete, it should 
be possible to draw some useful conclusions about trends 
in economy-environment (water use) interactions over time. 
Work planned for compiling waste accounts (including 
waste discharged in water) and pollution abatement statis- 
tics will add further to the information available within a con- 
sistent environmental accounting framework. 
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8 Canadian Carbon 
Dioxide Emissions 


by Robert Smith 


Introduction 


This chapter is an update of the greenhouse gas emissions 
study that was published in the previous edition of Environ- 
mental Perspectives: Studies and Statistics (Smith, 
1993). While the earlier study presented emissions data for 
a number of greenhouse gases, but covered the year 1985 
only, this paper focuses on carbon dioxide emissions only, 
but covers the entire period from 1981 to 1990. Data on oth- 
er greenhouse gases were not sufficiently developed at the 
time of publication to be included here. Future work at Sta- 
tistics Canada will include the development of time-series 
data for the other greenhouse gases, as well as for a range 
of other wastes. 


The development of greenhouse gas emissions data at Sta- 
tistics Canada has been undertaken as part of the develop- 
ment of a broader waste output account. This account will 
contain quantitative information on a wide range of waste 
materials generated by Canadian businesses, governments 
and households. The information will be organised into an 
accounting framework that will allow the linkage of the 
waste output data with the detailed economic information 
held by Statistics Canada. This linkage will allow the calcu- 
lation of indicators of the waste intensity of Canadian eco- 
nomic activity, which, when compared over time, will 
provide useful insight into the development of the Canadian 
economy with respect to its demands on the environment as 
a sink for waste materials. 


Before moving on to present the carbon dioxide emissions 
estimates for 1981 to 1990, it is useful as background infor- 
mation to discuss the relationship between carbon dioxide 
emissions and the greenhouse effect. 


Carbon dioxide emissions and the 
greenhouse effect 


The greenhouse effect is a naturally occuring phenomenon 
in which certain trace atmospheric gases, carbon dioxide 
being the most important, trap some of the sun’s heat be- 
tween the earth’s surface and atmosphere before it can be 
reflected from the surface back into outer space. In this way, 
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these gases act just like the glass covering on a green- 
house. 


The current concern about the greenhouse effect is not that 
itis, in itself, an environmental threat. Indeed, it is largely as 
a result of this phenomenon that surface temperatures on 
the planet are kept within the range suitable for life. Rather, 
the concern about the greenhouse effect stems from the 
fact that human activities are significantly increasing the at- 
mospheric concentrations of greenhouse gases, particular- 
ly carbon dioxide. Scientists believe that these increased 
concentrations will significantly enhance the naturally oc- 
curring greenhouse effect during the coming decades.! If 
this expected enhancement does occur there may be signif- 
icant environmental consequences. Among the possible ef- 
fects of an enhanced greenhouse effect are an increase of 
up to 3-4°C in the average global temperature; sea level rise 
of 0.5-1 metres, causing inundation of coastal regions; dis- 
ruption of climatic patterns, with increased frequency of 
droughts and severe storms in some regions; and changes 
in habitat conditions so rapid that plant and animal species 
will be unable to adapt (Government of Canada, 1991). 
Alongside these predictions of negative consequences, 
some individuals note also that there may be economic ben- 
efits from an enhanced greenhouse effect, particularly from 
increased productivity of agriculture in some areas. Al- 
though the ultimate consequences of an enhanced green- 
house effect are still under debate, there is no doubt among 
scientists that carbon dioxide will be the most important gas 
in contributing to whatever changes do occur. 


A colourless, odourless gas, carbon dioxide is the weakest 
of the greenhouse gases emitted from human activities in 
terms of its ability to absorb heat. Nevertheless, it is the 
most significant in terms of its total contribution to the green- 
house effect. The International Energy Agency reports that 
61 percent of the enhancement to the greenhouse effect 
predicted to take place over the next 100 years can be at- 
tributed to carbon dioxide emissions from global human ac- 
tivities. The contributions of the other major greenhouse 
gases are as follows: methane: 15 percent; chlorofluorocar- 
bons: 11.5 percent; nitrous oxide: 4 percent; and others: 8.5 
percent. Carbon dioxide’s importance as a contributor to the 
greenhouse effect stems from its relatively high atmospher- 
ic concentration and long lifetime in comparison to the other 
greenhouse gases. One molecule of carbon dioxide will 
persist in the atmosphere for 50 to 200 years® and the av- 
erage concentration of the gas was estimated to be 357 
ppmv‘ in 1990. The latter has steadily increased from a 
pre-1800 value of approximately 280 ppmv and was in- 


4 


. Although some evidence of the enhanced greenhouse gas effect has 
already been noted, an unequivocal demonstration of it is not expected 
for at least another decade (Intergovernmental Panel on Climate Change, 
1992). 

. The family of chemicals known as the chlorofluorocarbons are the strong- 
est gases in this regard. 

3. The atmospheric lifetime of carbon dioxide is defined as the time required 
for carbon dioxide concentrations to equilibrate after a one-time surge in 
emissions. The large range in the reported lifetime is due to imperfect 
understanding of the carbon cycle (Houghton, et a/., 1990, p. 7). 

4. ppmv = parts per million by volume. 


ie) 
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creasing in 1990 at a rate of about 0.5 percent, or 1.8 ppmv, 
annually (International Energy Agency, 1991, p. 14-15). 


Carbon dioxide is produced in very large quantities by hu- 
man activities, principally from two sources. The combus- 
tion of fossil fuels (coal, oil and natural gas) is the most 
important source. The use of biomass associated with the 
production and consumption of wood, paper and agricultur- 
al products is the other main source. Production of cement, 
ammonia and natural gas, as well as the use of lubricants 
and petroleum feedstocks, contribute a few percent of the 
total carbon dioxide releases from human activities. 


The annual release of carbon dioxide from global fossil fuel 
combustion and cement manufacturing has increased from 
less than 0.37 Gt in 1860 to 118 Gt in 1987.' The cumula- 
tive release of carbon dioxide from these sources during 
this period is estimated to have been 732 Gt + 10 percent. 


Ninety five percent of fossil fuel-related carbon dioxide 
emissions originate in the northern hemisphere, mainly in 
the industrialised nations. While per capita carbon dioxide 
emissions from fossil fuel combustion in the developing na- 
tions are substantially below those in industrialised nations 
(2.2 t versus 18.3 t), the rate of increase is much larger in 
the developing countries. During the 1970s and 1980s, per 
capita emission rates increased annually at a rate of ap- 
proximately 6 percent in developing countries versus 1 to 3 
percent in industrial economies (Houghton, et al., 1990, 
p. 10). 

Carbon dioxide emissions from biomass use are associated 
with a number of activities: forest burning during land clear- 
ing (mainly in tropical areas); decay of wastes from logging 
activities; decay of wood and paper products; and oxidation 
of organic matter found in soil resulting from agriculture and 
forestry activities. As the regrowth of forests and the rede- 
velopment of organic matter in soil both remove carbon di- 
oxide from the atmosphere, biomass represents both a 
source of carbon dioxide emissions as well as a store (sink) 
into which the gas is absorbed out of the atmosphere. The 
total release of carbon dioxide to the atmosphere from bio- 
mass sources between 1850 and 1985 is estimated to have 
been 421 Gt + 30 percent. In the nineteenth and early twen- 
tieth centuries, most of the biomass-related carbon dioxide 
emissions were a result of forest harvesting in temperate re- 
gions, including Canada. Since the middle part of this cen- 
tury, however, the major source has been deforestation in 
the tropics. Over the entire period, the release of carbon di- 
oxide from tropical regions is estimated to have been two to 
three times that from temperate regions (Houghton, et al., 
1990, p. 10-11). 


Canada is responsible for approximately 2 percent of cur- 
rent annual global carbon dioxide emissions (excluding bio- 
mass sources, which are very difficult to estimate). Fossil 
fuel production and consumption? accounts for 97 percent 
of these emissions, with the remainder coming from the pro- 
duction of cement, lime, ammonia and natural gas, and the 
use of lubricants and petroleum feedstocks (Jaques, 1992, 
p. Xviil). 


1. Gt = gigatonnes 
2. Consumption includes the use of fossil fuels for non-energy purposes. 
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As just noted, fossil fuel use is responsible for nearly all of 
Canada’s carbon dioxide emissions. Not all fossil fuels are 
created equal in terms of their contribution to these emis- 
sions. Text Box 8.1 below shows that there is significant 
variation among the fossil fuels in terms of carbon dioxide 
emissions. At the low end of the scale is natural gas, which 
emits approximately 50 tonnes of carbon dioxide per tera- 
joule burned.° The various forms of coal and coke are found 
at the high end of the scale, with emission factors in the 
range of approximately 82 t/TJ to 100 t/TJ. The impact of 
this variability in unit carbon dioxide emissions on total Ca- 
nadian emissions from fossil fuel combustion will become 
clear in the discussion that follows. 


Carbon dioxide emission 
estimates, 1981-1990 


Estimates are presented in Table 8.1 for the combined Ca- 
nadian emissions of carbon dioxide from the combustion of 
fossil fuels and from the production of cement, lime, ammo- 
nia and natural gas, plus non-energy uses of petroleum 
products.* The data show that total carbon dioxide emis- 
sions in the economy varied during the period 1981-1990 
from a low of 387 megatonnes in 1983 to a high of 490 meg- 


3. The joule (J) is the basic unit of energy measure; a terajoule (TJ) is 102, 
or one thousand billion, joules. A 40 litre tank of gasoline contains 
approximately 1.36 billion joules. 

4. The estimates do not include biomass emissions because of the high 
degree of uncertainty associated with their estimation. 


Text Box 8.1 
Carbon Dioxide Emission Factors for 
Fossil Fuel Combustion 


Fuel type Carbon dioxide emission factor 
(tonnes/terajoule) 


Natural gas 49.68 
Still gas 49.68 
Automobile gasoline 67.98 
Kerosene 67.65 


Aviation gasoline 69.37 


Liquified petroleum gases 61.38 
Diesel oil 70.69 
Light fuel oil 73.11 
Heavy fuel oil 74.00 
Aviation turbo fuel 70.84 
Petroleum coke 100.10 
Coal coke 86.00 
Anthracite coal 86.20 
U.S. bituminous coal 81.60 - 85.90 
Canadian bituminous coal 83.00 - 94.30 
Sub-bituminous coal 94.30 
Lignite coal 93.80 - 95.00 


Source: 
Jaques, 1992, p. xx. 
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Table 8.1 
Carbon Dioxide Emissions by Sector, 1981-1990 


Business sector 


NO oO fF WOM — 


Agricultural and related services 
Fishing and trapping 

Logging and forestry 

Mining 

Crude petroleum and natural gas 
Quarries and sand pits 

Services related to mineral extraction 
Sub-total, primary resource industries (1-7) 
Food products 

Beverages 

Tobacco products 

Rubber products 

Plastic products 

Leather and allied products 

Primary textile and textile products 
Clothing 

Wood products 

Furniture and fixtures 

Paper and allied products 

Printing, publishing and allied 
Primary metal products 

Fabricated metal products 
Machinery 

Transportation equipment 

Electrical and electronic products 
Non-metallic mineral products 
Refined petroleum and coal products 
Chemical and chemical products 
Other manufacturing industries 
Sub-total, manufacturing industries (8-28) 
Construction 

Transportation 

Pipeline transport 

Storage and warehousing 
Communications 

Electric power and other utilities 
Wholesale trade 

Retail Trade 

Finance and Real Estate 

Insurance 

Business services 

Educational services 

Health services 

Accommodation and food services 
Amusement and recreational services 
Personal and household service 
Other service 

Operating, office, cafeteria and laboratory supplies 
Travel, advertising and promotion 
Sub-total, service industries (32,33,35-49) 
Sub-total, business sector (1-49) 


Personal sector 


Home heating 
Motor fuels and lubricants 
Other personal sector activities 


Government sector 


Hospitals 
Education 


Environmental Perspectives 


1981 


1528 
167 
1751 
219 

15 031 
278 
26 454 
1 466 
630 

1 862 
1 138 
13 367 
21 401 
17 682 
345 
109 533 
8 192 
32 565 
4 059 
265 

1 190 
70 634 
7 216 
7 930 
8121 
303 
1151 
202 

1 157 
3814 
401 

1 043 
1 481 
65 

5 458 
39 797 
308 320 


45 366 
46 940 
2 686 


1671 
4771 


1982 


1216 
150 

1 489 
213 

10 265 
268 

21 299 
1 363 
600 
1773 
874 

11 066 
18 347 
17 789 
310 
92 832 
7 265 
27 723 
3 652 
286 

1 220 
77 130 
6 537 
7 528 
9 038 
250 
1124 
214 

1 164 
3 627 
395 
1031 
1 401 
67 
4651 
38 533 
288 317 


47 973 
44 326 
2741 


1712 
4681 


1983 


867 
1313 
76 

4 300 
35 796 
291 255 


37 063 
41 083 
2511 


1474 
3 871 


1984 


1146 
160 

1 662 
209 

11 461 
276 
25 565 
1 452 
517 
1.919 
1 436 
11010 
18777 
20 394 
297 
101 534 
6514 
30 134 
3 322 
375 
1173 
83 017 
6 674 
7 498 
8 295 
151 

1 096 
229 

1 187 
3 583 
356 
908 

1 428 
48 

4 807 
37 808 
306 263 


38 434 
40 576 
2702 


1 323 
3 723 


1985 1986 1987 1988 1989 1990 
kilotonnes 

9 555 9 934 9 646 10 497 11949 12 440 
1) (2a 1145 1031 1119 1 307 1 263 
1 985 2521 2 303 2 341 2026 2 700 
6 508 6 289 7 905 9 027 8 684 6 964 
25 798 28 224 31 075 32 754 35 928 35 241 
456 593 707 908 818 534 

2 225 1 667 1527 2195 1 483 1344 
47 648 50 373 54 194 58 841 62 195 60 486 
3 902 4169 4777 4418 4252 3.949 
848 853 858 832 812 728 
50 51 42 49 52 51 

412 419 454 401 419 364 
279 311 379 501 521 476 

99 88 83 84 65 57 
1003 1071 1239 1 408 1332 1 228 
189 221 242 300 206 223 

1 672 1527 2 150 2 038 2072 1 485 
282 290 365 384 416 355 
10 650 10 734 10 412 10 940 12 753 14 322 
369 393 454 531 543 478 
26 180 26 902 26 979 27 323 27 210 21570 
1613 1640 1901 2175 2184 1861 
616 583 701 788 719 699 

2 387 2 348 2596 3 039 3 202 2 344 
1091 1623 1370 1 160 1143 1019 
11 423 12 848 14790 15 507 15 655 14015 
19 693 17918 22 800 21 673 22 094 22 624 
20 256 18 181 19 166 21 129 18 701 17 510 
362 397 420 478 447 433 
103376 102567 112178 115158 114798 105791 
7 392 6911 7914 8 005 7 823 6 545 
32 952 33 580 33 873 39 161 40 592 37 827 
4 464° 3 938 4694 6 230 6 699 6 693 
390 349 403 370 415 408 
1344 1195 1 136 4219 1 160 1 052 
84 334 77 710 88 720 98068 110103 95 627 
6 997 6595 6 754 7 321 7 342 7 381 
7 766 7551 7 309 7575 7 476 7 756 
9 620 10 665 9 068 9110 9 301 10 797 
150 168 163 208 188 180 

1 328 1511 1 446 1544 1578 1612 
272 229 239 241 290 324 
1193 1191 1 262 1 095 1163 1 298 
3 702 3 361 2 639 2 687 2 843 3 096 
392 457 390 383 443 576 
939 1029 867 808 856 1 080 

1 605 1689 1712 1788 1857 1794 
46 41 33 40 37 45 
4534 4698 3 592 3 687 3 201 3755 
40 278 40729 37 013 38 076 38 150 41 154 
320444 315808 338586 363539 380360 354123 
39 265 38 705 33 867 37 891 41013 38 557 
42 954 43 034 45 949 49 343 52519 51 209 
2 642 2901 3010 2752 3377 3554 
1 262 1252 940 610 697 1048 
3 368 3 205 3174 2 767 3201 3818 
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Table 8.1 
Carbon Dioxide Emissions by Sector, 1981-1990 (Concluded) 
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
kilotonnes 
Defence 3 640 3 376 2 585 2 888 2 662 2 596 1994 2 361 2574 2 530 
Other government activities 8 073 8 037 7 048 7 632 7 920 7 988 6 824 Gage 6 424 5 612 
Sub-total, personal and government sectors 113 147 112 846 95 635 97 278 100 073 99 681 95 758 102 856 109 805 106 328 
Total, whole economy 421 466 401 165 386 892 403 539 420 519 415 490 434 348 466 396 490 169 460 450 
Note: nnn 


The total carbon dioxide emission estimate for 1985 reported here is higher than the figure published in the previous edition of Environmental Perspectives: Studies and Statistics (Smith, 
1993). This is due to revisions in the energy data that were used to derive the estimates. In particular, producer consumption of natural gas by the crude petroleum and natural gas industry is 
included in the current study, whereas it had been improperly excluded in the earlier study. 


Source: 
Statistics Canada, National Accounts and Environment Division. 


atonnes in 1989. On average during this period, the busi- 
ness sector accounted for 76 percent of total carbon dioxide 
emissions. Household emissions represented 21 percent of 
the total on average, and government activities accounted 
for the remaining 3 percent. 


Within the business sector, the manufacturing industries 
(industries 8 to 28 in Table 8.1) accounted for the largest 
portion of carbon dioxide emissions in all years. Despite 
maintaining this leading position, over the period in question 
the manufacturing industries’ share of business sector car- 
bon dioxide emissions actually fell from 36 percent to 30 
percent. The next largest contributor to business sector 
emissions, the electric power and other utilities industry 
(34), saw its share of emissions increase from 23 percent to 
27 percent between 1981 and 1990. The carbon dioxide 
emissions from this industry are mainly the result of the use 
of fossil fuels, principally coal, to generate electricity in 
many parts of the country. The primary resource industries 
(1 through 7) accounted for 14 percent of emissions in 
1981; this share had increased to 17 percent by 1990. The 
service industries (32, 33 and 35 to 49) made up 13 percent 
of emissions in 1981 and 12 percent in 1990. Finally, the 
for-hire transportation industries (truck, rail, marine, air, ur- 
ban and pipeline transport) accounted for 12 and 13 percent 
of emissions in 1981 and 1990 respectively. ' 


Household sector? emissions were split fairly evenly be- 
tween home heating and private transportation activities 
during the first half of the 1980s. In later years, however, 
transportation emissions dominated, as home heating 
emissions fell by 15 percent from 1981 to 1990. This decline 
was the result of decreased use of oil for home heating pur- 
poses in favour of both electricity and natural gas (Statistics 
Canada, 1992). Household transportation emissions fell 
from 1981 to 1986 by over 8 percent, but rose again by 
nearly 19 percent by 1990. 


ands 


. The for-hire transportation industries do not represent all transportation 
that takes place in the business sector. There is also transportation 
undertaken by businesses on their own account (private truck fleets for 
example). Thus, as an activity, transportation accounts for more carbon 
dioxide emissions than the 12-13 percent that are attributable to the for- 
hire industries alone. 

2. The household sector includes non-profit organisations and unincorpo- 

rated businesses as well as private households. 
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Business sector carbon dioxide emissions are plotted along 
with business sector constant dollar Gross Domestic Prod- 
uct (GDP)? in Figure 8.1. The figure shows a direct relation- 
ship between carbon dioxide emissions and GDP in most 
years. The year 1986 differs in this regard however, with 
carbon dioxide emissions falling while GDP was rising rap- 
idly. 


Figure 8.1 
Business Sector Carbon Dioxide Emissions . 
and Gross Domestic Product, 1981-1990 


megatonnes billion 1986 dollars 


60 
1981 1983 1985 1987 1989 


carbon dioxide emissions constant dollar GDP 
(left scale) (right scale) 


Source: 
Statistics Canada, National Accounts and Environment Division. 


The decline in business sector carbon dioxide emissions 
witnessed in 1986 was due in part to a continual shift by 
many industries away from petroleum and coal products to- 


3. Business sector GDP is the portion of domestic production accounted for 
by activity in the business sector. On average, during the 1980s this por- 
tion was about 80 percent of total GDP. 
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Table 8.2 
Business Sector Fossil Fuel Consumption, 1981-1990 
Industry group Fossil fuel type 1981 1982 
Primary resource Coal and coke 1.0 0.9 
Petroleum products 49.1 40.0 
Natural gas 49.9 59.1 
Total fossil fuel consumption (TJ) 644 628 
Manufacturing Coal and coke 13.0 14.1 
Petroleum products 41.8 37.5 
Natural gas 45.2 48.4 
Total fossil fuel consumption (TJ) 1416 1229 
Construction Coal and coke 1.9 2.3 
Petroleum products 97.1 96.7 
Natural gas 1.0 1.0 
Total fossil fuel consumption (TJ) 120 107 
For-hire transportation Coal and coke 0.1 0.1 
Petroleum products 81.6 80.7 
Natural gas 18.4 19.2 
Total fossil fuel consumption (TJ) 554 481 
Services Coal and coke - 
Petroleum products 69.0 ' 66.4 
Natural gas 31.0 33.5 
Total fossil fuel consumption (TJ) 661 645 
Electric power Coal and coke 84.1 85.6 
Petroleum products 9.9 9.8 
Natural gas 6.1 4.6 
Total fossil fuel consumption (TJ) 835 906 
Total business sector Coal and coke 21.2 24.0 
Petroleum products 47.6 43.1 
Natural gas 31.2 33.0 
Total fossil fuel consumption (TJ) 4 230 3 996 
Business sector GDP (billion 1986 dollars) 320 304 
Fossil fuel consumption per unit of GDP (TJ per billion 1986 dollars) 13.22 13.16 


Source: 
Statistics Canada, National Accounts and Environment Division. 


ward natural gas between 1981 and 1986 (Table 8.2). In 
1981, coal, coke and petroleum products taken together 
represented 68.8 percent of total business sector fossil fuel 
consumption; by 1986 this figure had fallen to 63.8 percent. 
In contrast, natural gas rose from 31.2 percent of fossil fuel 
consumption in 1981 to 36.3 percent in 1986. Since natural 
gas emits considerably less carbon dioxide per unit of ener- 
gy than petroleum and coal products (Text Box 8.1), this 
shift in the composition of energy use exerted a downward 
force on carbon dioxide emissions. In 1986 this composi- 
tional shift was coupled with negative growth in total fossil 
fuel consumption. The result was the reduction in total car- 
bon dioxide emissions seen for that year in Figure 8.1. 


The shift away from petroleum to natural gas and the gen- 
eral low growth in fossil fuel demand in the middle 1980s 
were at least partly the results of substantial increases in 
the price of domestic crude oil that occurred from 1981 to 
1986 (Hamilton, 1993). The move away from petroleum to 
natural gas actually began coincidently with a 40 percent in- 
crease in the average wellhead price of western Canadian 
crude oil in 1982. This price increase occurred just at the 
time when the economy was entering the economic reces- 
sion of 1982. The combined result of these events was a fall 
in business sector fossil fuel consumption of 5.8 percent be- 
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1983 1984 1985 1986 1987 1988 1989 1990 
percent of total (unless otherwise noted) 

0.9 1.0 1.3 1.6 3.8 3.8 3.4 1.8 
45.8 37.2 37.3 35.0 30.3 31.9 29.7 33.8 
53.3 61.8 61.4 63.4 65.9 64.4 66.9 64.4 
733 701 721 772 831 890 937 923 
14.6 13.9 iftee| 14.5 14.3 14.7 14.4 13.9 
35.7 34.9 30.2 31.1 33.1 30.2 31.0 32.6 
49.7 51.2 54.7 54.5 52.7 55.1 54.6 53.5 

1 255 1 288 1315 1 265 1 429 1474 1 493 1 387 

22 2.2 2.2 Ze 0.6 0.5 0.7 
96.7 96.7 96.8 96.9 98.3 97.8 97.7 98.2 

ab 1.1 1.0 0.9 1.1 1.6 1.6 1.8 

93 99 107 99 114 116 111 95 

0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 
85.9 83.1 80.5 82.5 80.6 79.4 77.9 76.7 
14.0 16.9 19.4 175 19.4 20.6 22.1 23.3 
483 523 563 557 575 679 700 681 

0.1 0.1 0.1 
63.4 66.3 63.0 64.0 62.5 60.5 60.5 61.8 
36.5 33.6 36.9 35.9 SY Ets) 39.4 39.5 38.1 

621 656 676 675 623 646 657 714 
90.2 92.3 91.5 91.8 88.3 86.9 77.6 81.4 

6.1 5:3 6.1 6.2 9.2 9.7 13.7 13.9 

3.7 2.4 2.4 2.0 2.5 3.4 8.7 4.7 
915 988 953 866 990 1099 1244 1074 
24.8 25.9 25.0 23.5 24.4 24.6 23.6 22.3 
42.4 40.6 39.4 40.3 39.0 38.3 38.1 40.4 
32.8 33.5 35.6 36.3 36.6 SV /ai| 38.3 37.3 

4100 4 255 4 335 4 234 4562 4904 5 142 4 873 

312 336 356 367 382 407 415 410 

13.12 12.67 12.19 11.55 11.93 12.06 12.40 11.88 


tween 1981 and 1982 and the corresponding drop in carbon 
dioxide emissions shown in Figure 8.1. The recession end- 
ed in 1983, but crude oil prices continued to rise, reaching 
an all-time high in 1985 only to fall again by almost one half 
the next year. This major price reduction was responsible - 
along with strong economic growth - for a 21.9 percent in- 
crease in fossil fuel consumption by businesses between 
1986 and 1989. As seen in Figure 8.1, business sector car- 
bon dioxide emissions also rose very substantially between 
1986 and 1989. 


Figure 8.2 shows a plot of business sector carbon dioxide 
emissions per unit of constant dollar GDP. This ratio can be 
interpreted as an overall carbon dioxide intensity measure 
for business sector production. The figure shows a distinct 
contrast between the period 1981-1986, when this intensity 
fell by nearly 11 percent, and the period 1986-1989, when it 
rose again by over 7 percent. Data in the last row of Table 
8.2 show that fossil fuel use per unit of GDP in the business 
sector followed this same trend. The fact that the fossil fuel 
(and carbon dioxide) intensity of overall production fell dur- 
ing the early years of the 1980s, when petroleum prices 
were rising rapidly, implies that businesses were in general 
able to reduce their fossil fuel consumption in order to re- 
duce their fuel costs, while at the same time increasing their 
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Figure 8.2 

Business Sector Carbon Dioxide Emissions 
per Unit of Gross Domestic Product, 1981- 
1990 


megatonnes per billion 1986 dollars 


6.8 


6.6 


6.4 


6.2 
1981 1983 1985 1987 1989 


Source: 
Statistics Canada, National Accounts and Environment Division. 


output. However, these reductions appear not to have been 
entirely maintained after the 1986 fall in petroleum prices, 
as the fossil fuel intensity (as well as carbon dioxide inten- 
sity) of production began to climb again after 1986. It is sig- 
nificant, however, that neither fossil fuel intensity nor carbon 
dioxide intensity had regained its level of the early 1980s by 
1989. 1990 saw a fall in both of these intensities as a result 
of the recession that began in that year. 


Carbon dioxide intensity of commodity 
production, 1981-1990 


Table 8.3 presents carbon dioxide intensity estimates for 92 
commodities or commodity groups representing the entire 
range of goods and services offered in the Canadian econ- 
omy. Table 8.4 presents ereigy intensity estimates for the 
same group of commodities. | 


The intensities shown in these two tables are measures of 
the direct and indirect carbon dioxide emissions (energy 


1. A note of caution is in order in interpreting the data presented in Tables 
8.3 and 8.4. In many instances, a given industry produces more than one 
commodity. For example, both grains and live animals are produced by 
the agriculture industry. In these cases, the intensity of the co-produced 
commodities will be identical (or nearly so), and will reflect the average 
intensity of one unit of “production” from the industry regardless of the 
proportion in which each of the commodities is represented in this pro- 
duction. In these cases, the commodities have been reported together in 
Tables 8.3 and 8.4. 

. The energy intensity estimates include both fossil fuel and electricity use. 


ie) 
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use) associated with one thousand dollars of production for 
each commodity. Direct emissions (energy use) in this con- 
text are those associated with the production of the com- 
modity itself, while indirect emissions (energy use) are 
those associated with the production of the goods and serv- 
ices used as inputs by the commodity-producing industry. 
Text Box 8.2 presents a simple example to help clarify this 
distinction. 


There are a number of factors that will influence the intensi- 
ty measures for a given commodity. Most obviously, total 
fossil fuel consumption per unit of production has a major 
impact on both energy intensity and on carbon dioxide in- 
tensity. The most important factor affecting the quantity of 
fuel consumed per unit of production is the technology em- 
ployed in making the commodity. There are two relevant as- 
pects of a given technology in this regard. First, there is the 
efficiency of the energy-using equipment employed in the 
process. As this efficiency changes, all other things equal, 
so too will the carbon dioxide/energy intensity of production. 
Second, there is the relative importance of energy versus 
other inputs (labour, capital, materials) in the process. A giv- 


Text Box 8.2 
Direct Versus Indirect Waste Emissions 


In the production of any product a certain amount of 
waste is created by the producing industry; this is what 
is referred to here as a direct waste output. For exam- 
ple, the carbon dioxide emissions from chemical 
plants are “direct” emissions associated with the pro- 
duction of industrial chemicals. The waste associated 
with chemical production is not just that which comes 
directly from chemical plants however. In order to 
make their products, chemical manufacturers must 
first purchase machinery, fuel, feedstocks and a vari- 
ety of other inputs from suppliers. All of these products 
have waste emissions associated with their produc- 
tion that can be indirectly attributed to the chemical in- 
dustry in proportion to its purchases of the products. If, 
for example, the chemical industry purchases 2 per- 
cent of the electric power industry’s production, then 2 
percent of the carbon dioxide emissions associated 
with electric power can be indirectly attributed to the 
chemical industry. Consideration of both types of 
emissions - direct and indirect - gives a complete pic- 
ture of the waste emissions embodied in the produc- 
tion of products. The same distinction can be applied 
to energy use, or the use of any resource input for that 
matter (for a discussion of the water intensity of pro- 
duction of Canadian industries, see Chapter 7). Direct 
energy use is that by the industry producing a com- 
modity; indirect energy use is that by the industries 
producing the inputs used by the producing industry. 
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Table 8.3 

Carbon Dioxide Intensity of Commodity Production, 1981-1990 

Commodity 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 

tonnes per thousand 1986 dollars 

te Grains and live animals 1.0957 1.0094 1.2585 0.9530 1.0068 0.9570 0.9950 1.0693 1.1250 1.0411 
3 Other agricultural products 1.0933 1.0087 1.2535 0.9517 1.0057 0.9574 0.9911 1.0597 1.1130 1.0342 
4 Forestry products 0.8783 0.7665 0.7192 0.6642 0.7574 0.8487 0.7645 0.7492 0.7171 0.8100 
5 Fish landings 1.2608 1.2419 1.1135 1.2507 1.0762 1.0514 1.0410 1.0376 1.0805 1.0154 
6 Hunting and trapping products 1.2618 1.2419 1.1134 1.2507 1.0762 1.0514 1.0410 1.0364 1.0805 1.0155 
U. Iron ores and concentrates UsstenltA 1.1702 1.2413 1.0813 1.0969 1.1154 1.2179 1.2662 1.2459 1.0553 
8 Other metal ores and concentrates 1.4286 1.3203 1.3632 1.1895 1.2287 1.2704 1.3528 1.3322 1.3031 1.1191 
9 Coal 1.3497 1.1674 1.2392 1.0782 1.0966 1.1154 1.2179 1.2665 1.2429 1.0561 
10 Crude mineral oils 1.4469 1.5794 1.5138 1.5662 1.5760 1.7763 1.8481 1.7835 1.9410 1.8799 
11 Natural gas 1.4473 1.5842 1.5206 1.5726 1.5837 1.7802 1.8475 1.7830 1.9401 1.8790 
12 Non-metallic minerals 1.3108 1.3593 1.2837 1.2190 1.2034 1.2633 1.3310 1.3733 1.3816 1.2351 
13 Services incidental to mining 0.9718 0.9366 0.8885 0.8597 0.8656 0.8597 0.9082 0.9964 0.9063 0.8038 
14 Meat products 0.7832 0.7503 0.8124 0.6949 0.7032 0.6984 0.7240 0.7464 0.7768 0.7210 
15 Dairy products 0.7852 0.7476 0.8139 0.6942 0.6998 0.6992 0.7252 0.7480 0.7793 0.7224 
16 Fish products 0.7867 0.7494 0.8163 0.6968 0.7019 0.7010 0.7274 0.7503 0.7818 0.7246 
17 Fruit and vegetable preparations 0.7803 0.7438 0.8064 0.6893 0.6941 0.6926 0.7180 0.7412 0.7691 0.7129 
18 Feeds 0.7896 0.7566 0.8127 0.6947 0.6986 0.6955 0.7173 0.7379 0.7706 0.7117 
19 Flour, wheat, meal and other cereals 0.7849 0.7468 ° 0.8142 0.6943 0.7000 0.6995 0.7255 0.7481 0.7801 0.7231 
20 Breakfast cereal and bakery products 0.7666 0.7248 0.7812 0.6708 0.6828 0.6806 0.6995 0.7122 0.7404 0.6897 
21 Sugar 0.7849 0.7468 0.8142 0.6943 0.7000 0.6995 0.7255 0.7486 0.7798 0.7226 
22 Miscellaneous food products 0.7844 0.7458 0.8092 0.6925 0.7006 0.6961 0.7197 0.7459 0.7777 0.7220 
23 Soft drinks 0.6267 0.6217 0.6000 0.5759 0.5729 0.5893 0.5861 0.5711 0.5599 0.5234 
24 Alcoholic beverages 0.6263 0.6209 0.5993 0.5756 0.5726 0.5891 0.5858 0.5646 0.5514 0.5155 
25,26 Tobacco and cigarettes 0.4992 0.4643 0.4852 0.4594 0.4239 0.4727 0.3901 0.3993 0.4516 0.4395 
27 Tires and tubes 0.7480 0.7051 0.7081 0.6371 0.6081 0.6091 0.6178 0.5871 0.5787 0.5217 
28 Other rubber products 0.7109 0.7008 0.6681 0.5971 0.5964 0.5762 0.5974 0.5704 0.5666 0.5159 
29 Plastic fabricated products 0.7793 0.8066 0.7614 0.7319 0.6893 0.6649 0.6729 0.6852 0.6780 0.6155 
30 Leather and leather products 0.4269 0.4045 0.3947 0.3687 0.3819 0.3514 0.3566 0.3606 0.3379 0.3135 
31 Yarns and man made fibres 0.7337 0.7309 0.6767 0.6611 0.6009 0.5680 0.5892 0.6456 0.6226 0.6067 
32 Fabrics 0.7245 0.7208 0.6537 0.6315 0.5754 0.5411 0.5600 0.6164 0.6076 0.5929 
33 Other textile products 0.7281 0.7294 0.6609 0.6392 0.5859 0.5515 0.5717 0.6232 0.6146 0.5932 
34 Hosiery and knitted wear 0.3097 0.3023 0.2990 0.2763 0.2604 0.2564 0.2558 0.2790 0.2609 0.2552 
35 Clothing and accessories 0.3209 0.3126 0.3123 0.2884 0.2702 0.2662 0.2659 0.2908 0.2732 0.2641 
36 Lumber and timber 0.7329 0.7067 0.6691 0.6260 0.6276 0.6323 0.6413 0.6304 0.6350 0.5945 
37 Veneer and plywood 0.7217 0.6994 0.6601 0.6210 0.6236 0.6254 0.6333 0.6250 0.6234 0.5922 
38 Other wood fabricated materials 0.7192 0.7060 0.6630 0.6233 0.6264 0.6316 0.6399 0.6273 0.6252 0.5941 
39 Furniture and fixtures 0.4865 0.5134 0.4940 0.4642 0.4503 0.4437 0.4742 0.5044 0.5080 0.4552 
40 Pulp 1.5599 1.3444 1.3915 1.3269 1.2833 1.2213 1.1893 1.2302 1.3532 1.4123 
41 Newsprint and other paper stock 1.5563 1.3433 1.3873 1.3228 1.2796 1.2190 1.1873 1.2268 1.3488 1.4076 
42 Paper products 1.3652 1.1851 1.2077 1.1647 1.1315 1.0896 1.0603 1.0825 1.1699 1.1965 
43 Printing and publishing 0.4618 0.4330 0.4322 0.4184 0.4143 0.4096 0.4202 0.4465 0.4585 0.4355 
44 Advertising and print media 0.4421 0.4187 0.4193 0.4069 0.4050 0.4034 0.4144 0.4372 0.4496 0.4261 
45 Iron and steel products 2.0116 1.9941 1.9673 1.9272 1.8795 1.9219 1.8827 1.8100 1.7732 1.5551 
46 Aluminum products 2.0765 2.0730 2.0669 2.0184 1.9730 2.0240 1.9813 1.9322 1.9088 1.6274 
47 Copper and copper alloy products 2.0707 2.0543 2.0572 2.0062 1.9622 2.0103 1.9707 1.9336 1.9087 1.6143 
48 Nickel products 2.1019 2.0725 2.0885 2.0377 1.9919 2.0395 2.0027 1.9482 1.9284 1.6521 
49 Other non ferrous metal products 1.8783 1.9141 1.9351 1.8746 1.8528 1.8734 1.8360 1.7677 demon 1.5230 
50 Boilers, tanks and plates 0.7161 0.6974 0.7331 0.7209 0.6900 0.6896 0.7243 0.7176 0.6891 0.5772 
51 Fabricated structural metal products 0.9525 0.8730 0.9506 0.9651 0.9278 0.9144 0.9255 0.8918 0.8519 0.7139 
52 Other metal fabricated products 0.7857 0.7751 0.8088 0.8005 0.7413 0.7629 0.8037 0.8187 0.7965 0.6693 
53 Agricultural machinery 0.4509 0.4924 0.4733 0.4267 0.4225 0.4068 0.4352 0.4262 0.4231 0.3744 
54 Other industrial machinery 0.5864 0.5965 0.5752 0.5538 0.5415 0.5210 0.5217 0.4756 0.4588 0.3909 
55 Motor vehicles 0.3443 0.3320 0.3349 0.3254 0.3234 0.3170 0.3356 0.3135 0.3147 0.2622 
56 Motor vehicle parts 0.3797 0.3797 0.3703 0.3422 0.3358 0.3330 0.3527 0.3337 0.3340 0.2811 
57 Other transport equipment 0.4404 0.4230 0.4675 0.4281 0.4225 0.4107 0.4372 0.4030 0.4073 0.3492 
58 Household appliances and receivers 0.5053 0.4758 0.4699 0.4686 0.4309 0.4439 0.4235 0.3776 0.3478 0.2950 
59 Other electrical products 0.4824 0.4494 0.4378 0.4461 0.4043 0.4263 0.3993 0.3552 0.3187 0.2636 
60 Cement and concrete products 2.8748 2.9433 2.6338 2.5744 2.4735 2.5769 2.7137 2.8027 2.8505 2.7705 
61 Other non-metallic mineral products 2.7039 2.7472 2.4826 2.3878 2.2600 2.4207 2.5118 2.6189 2.6455 2.5378 


61___Other non-metallic mineral products 27099 eee ee 
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Carbon Dioxide Intensity of Commodity Production, 1981-1990 (Concluded) 


Table 8.3 

Commodity 1981 1982 
62 Gasoline and fuel oil 1.8917 2.0285 
63 Other petroleum and coal products 1.7981 1.9229 
64 Industrial chemicals 1.8109 1.9324 
65 Fertilizers 1.3141 1.1938 
66 Pharmaceuticals 1.8257 1.9527 
67 Other chemical products 1.7669 1.8767 
68 Scientific equipment 0.5011 0.4783 
69 Other manufactured products 0.6049 0.5952 
70-72 Construction 0.5901 0.5436 
73 Pipeline transportation 1.9041 1.8054 
74 Transportation and storage 1.5603 1.4595 
75-77 Radio, television, telephone and postal services 0.2155 0.2161 
78 Electric power 4.5548 5.0424 
79 Other utilities 4.5611 5.0397 
80 Wholesale margins 0.5547 0.5531 
81 Retail margins 0.4987 0.5050 
82 Imputed rent, owner occupied dwellings 0.0379 0.0358 
83 Other finance, insurance and real estate 0.3749 0.4274 
84 Business services 0.2233 0.2214 
85 Education services 0.4757 0.4632 
86 Health services 0.2274 0.2303 
87 Amusement and recreation services 0.3355 0.3447 
88 Accommodation and food services 0.5117 0.5201 
89 Other personal and miscellaneous services 0.4991 0.5010 
90 Transportation margins 1.5150 1.4022 
91 Operating, office, laboratory and food supplies 0.5438 0.5341 


1983 


2.0326 
1.9022 
1.8698 
1.3270 
1.8865 
1.8277 
0.4776 
0.5940 
0.5179 
1.3008 
1.4522 
0.1981 
4.7581 
4.7541 
0.5122 
0.4675 
0.0323 
0.4149 
0.2155 
0.4289 
0.2042 
0.3253 
0.5126 
0.4731 
1.3906 
0.5265 


1984 1985 1986 1987 1988 1989 1990 
tonnes per thousand 1986 dollars 

2.1526 2.1923 2.2690 2.4746 2.3925 2.4431 2.3646 
1.9799 1.9827 2.0478 2.2019 2.1448 2.1855 2.1131 
1.8814 1.8065 1.6484 1.6601 1.6920 1.5650 1.4618 
1.1327 1.1558 1.1383 W773 1.2814 1.3127 1.1753 
1.8921 1.8079 1.6420 1.6565 1.7127 1.5785 1.4707 
1.8237 1.7447 1.5976 1.6111 1.6548 1.5301 1.4240 
0.4586 0.4526 0.4527 0.4408 0.4220 0.4103 0.3743 
0.5853 0.5958 0.6048 0.6173 0.6312 0.6393 0.5774 
0.5325 0.5373 0.5167 0.5379 0.5311 0.5165 0.4591 
e575 1.9082 1.7873 1.9345 2.2071 2.3779 2.2435 
1.3872 1.4420 1.4122 1.3726 1.4620 1.4945 1.4137 
0.2025 0.2086 0.1950 0.1853 0.1834 0.1685 0.1483 
4.8571 4.6837 4.2801 4.6488 4.9916 5.4810 4.9464 
4.8526 4.6821 4.2803 4.6482 4.9914 5.4795 4.9468 
0.5168 0.4941 0.4599 0.4495 0.4511 0.4368 0.4220 
0.4695 0.4589 0.4365 0.4304 0.4381 0.4352 0.4339 
0.0342 0.0339 0.0334 0.0362 0.0357 0.0335 0.0282 
0.3905 0.3972 0.3905 0.3699 0.3736 0.3771 0.3893 
0.2025 0.2125 0.2100 0.1903 0.1865 0.1798 0.1789 
0.4697 0.4928 0.4552 0.4940 0.5097 0.5434 0.5235 
0.2178 0.2114 0.2062 0.2184 0.2074 0.2008 0.1962 
0.3110 0.3109 0.3047 0.2910 0.3047 0.3214 0.3285 
0.5082 0.5107 0.4824 0.4551 0.4699 0.4848 0.4687 
0.4720 0.4665 0.4567 0.4413 0.4354 0.4311 0.4236 
1.3391 1.4006 1.3685 1.3249 1.4160 1.4492 1.3701 
0.5031 0.4723 0.4429 0.4449 0.4389 0.4156 0.4017 


92 Travel, advertising and promotion 0.9492 0.8904 0.8595 0.8587 0.8365 0.8164 0.7311 0.7337 0.6264 0.6994 


Source: 
Statistics Canada, National Accounts and Environment Division. 


en process can be altered within certain limits to use more 
or less energy to produce a given commodity. Replacing hu- 
mans with robots on an automobile assembly line will 
change the quantity of energy consumed (and carbon diox- 
ide released) per car produced, for example. 


Not only does the absolute quantity of fuel consumed influ- 
ence the carbon dioxide intensity of production but, as dis- 
cussed above, so does the composition of this 
consumption. Thus, the declining carbon dioxide intensity of 
some commodities’ production seen in Table 8.3 is due to 
switches from refined petroleum products to natural gas 
during the early 1980s when oil prices were very high. It is 
worth noting that price effects such as this will tend to shift 
the composition of fuel consumption toward the least-cost 
mixture, which is not always the least-carbon dioxide inten- 
sive mixture. It just so happened that the price of crude oil 
was high relative to that of natural gas during the first half of 
the 1980s, and, since natural gas produces less carbon di- 
oxide per unit of energy than petroleum products, business- 
es shifted toward a less carbon dioxide intensive mix of 
energy commodities. If the reverse had been true with re- 
spect to relative energy prices, then businesses would have 
just as quickly moved toward a more carbon dioxide inten- 
sive mix of commodities. 
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It is not possible here to discuss the trends in carbon dioxide 
intensity for each commodity listed in Table 8.3. Much can 
be learned, however, from looking in detail at the data for 
some important semi-processed commodities that are used 
as inputs into a large number of finished goods. These in- 
clude agricultural products (commodities 1-3 in Table 8.3), 
fossil fuels (9-11), wood products (36-38), pulp and paper 
(40-41), primary metals (45-49), cement and concrete (60), 
petroleum products (62-63), and electric power (78). 


The carbon dioxide intensity of agricultural products moved 
downward from 1981 until 1986, after which it increased un- 
til 1989; a slight decrease in intensity occurred in 1990. This 
same pattern was seen in the production of cement and 
concrete, pulp and paper, and electricity. The increase in 
carbon dioxide intensity for these commodities subsequent 
to 1986 is explained by the fact that their producers stopped 
switching away from petroleum products after the fall in oil 
prices in 1986, while increasing their total consumption of 
fossil fuels rapidly at the same time (Statistics Canada, 
1992). This resulted in an increase in the carbon dioxide in- 
tensities of production for these commodities from 1986 to 
1989, although not to the levels reached in the early 1980s. 


The carbon dioxide intensity of crude oil and natural gas 
production increased significantly over the period, due 
largely to increased consumption of natural gas by the 
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Table 8.4 
Er sey ane a oe fe 02 gta tne ete 1906 1987 088 ess Sa 
gigajoules per thousand 1986 dollars 

1,2 Grains and live animals 18.0631 17.2113 21.2099 16.6118 16.9643 16.1801 16.5575 17.8408 18.6188 16.8603 
3 Other agricultural products 18.0172 17.1799 21.1150 16.5741 16.9287 16.1684 16.4660 17.6425 18.3805 16.7204 
4 Forestry products 13.4421 11.9596 11.4366 10.6177 11.5760 12.8501 11.7228 11.4594 10.8897 12.3070 
5 Fish landings 18.5033 18.3388 16.8957 19.0715 15.7429 15.3098 15.3828 15.2289 15.6470 14.9649 
6 Hunting and trapping products 18.5137 18.3388 16.8954 19.0715 15.7429 15.3098 15.3829 15.2208 15.6462 14.9658 
vs Iron ores and concentrates 26.3168 24.2631 25.5969 22.6160 22.1662 22.6302 22.3403 23.5191 23.5105 21.2346 
8 Other metal ores and concentrates 27.4283 26.5840 27.3973 23.8890 23.9769 24.4272 24.6061 24.5562 24.3151 22.5179 
9 Coal 26.2875 24.2250 25.5685 22.5847 22.1680 22.6313 22.3411 23.5213 23.4507 21.2424 
10 Crude mineral oils 22.4778 25.4941 25.6377 26.4715 25.4406 29.2639 31.1218 29.6138 31.9300 30.7748 
11 Natural gas 22.4822 25.5556 25.7203 26.5565 25.5416 29.3084 31.1126 29.6051 31.9157 30.7606 
12 Non-metallic minerals 21.8210 23.1931 22.5055 21.3979 20.3739 21.4785 22.3253 23.0472 23.3987 20.9424 
13 Services incidental to mining 15.8470 15.7434 15.2458 14.7603 14.1581 14.1820 15.6928 16.9373 15.7922 13.6203 
14 Meat products 13.4580 13.1245 14.4608 12.5968 12.4000 12.3493 12.7447 13.0991 13.4442 12.5220 
15 Dairy products 13.5138 13.1008 14.4967 12.6028 12.3616 12.3767 12.7779 13.1359 13.4899 12.5574 
16 Fish products 13.5295 13.1190 14.5185 12.6325 12.3799 12.3943 12.7991 13.1555 13.5104 12.5786 
Te Fruit and vegetable preparations 13.4321 13.0372 14.3644 12.5089 12.2560 12.2519 12.6469 13.0129 13.3110 12.3946 
18 Feeds 13.5318 13.1759 14.4419 12.5639 12.2975 12.2754 12.6083 12.9516 13.3258 12.3654 
19 Flour, wheat, meal and other cereals 13.5102 13.0919 14.5015 12.6062 12.3656 12.3816 12.7832 13.1396 13.5024 12.5679 
20 Breakfast cereal and bakery products 13.2361 12.7735 13.9768 12.2410 12.0742 12.0608 12.3606 12.6012 12.9111 12.0800 
21 Sugar 13.5102 13.0919 14.5017 12.6062 12.3656 12.3816 12.7832 13.1458 13.4978 12.5624 
22 Miscellaneous food products 13.4811 13.0566 14.3865 12.5235 12.3182 12.2815 12.6513 13.0548 13.4251 12.4993 
23 Soft drinks 10.9299 10.8933 10.9436 10.3795 10.0440 10.2179 10.1574 9.9678 9.6822 9.2952 
24 Alcoholic beverages 10.9247 10.8795 10.9314 10.3736 10.0381 10.2137 10.1504 9.8514 9.5349 9.1653 
25,26 Tobacco, and cigarettes 8.8911 8.3327 9.2963 8.7618 7.9733 8.7921 7.3506 7.4329 8.1960 8.1692 
af Tires and tubes 12.9877 11.9270 12.7864 11.4752 10.5625 10.8183 11.2496 10.4724 10.3932 9.5176 
28 Other rubber products 12.3649 11.8206 11.9552 10.6387 10.2867 10.2224 10.8163 10.2520 10.2388 9.4730 
29 Plastic fabricated products 13.2544 13.4939 13.3700 12.4610 11.5759 11.4790 11.8984 11.8681 12.0547 10.9985 
30 Leather and leather products 7.5727 7.1938 7.3533 6.8245 6.8954 6.4616 6.6062 6.6754 6.2159 5.8166 
31 Yarns and man made fibres 13.3809 13.3593 12.8223 12.5718 11.0555 10.5328 11.0229 12.0067 11.6232 11.5040 
32 Fabrics 13.2476 13.1778 12.5118 12.2618 10.7521 10.2044 10.6501 11.6637 11.4300 11.3698 
33 Other textile products 13.2455 13.2563 12.5745 12.2775 10.8360 10.3127 10.7775 11.6881 11.4865 11.2811 
34 Hosiery and knitted wear 5.6641 5.5685 5.7073 5.3166 4.9343 4.8780 4.9261 5.2907 4.9047 4.9260 
35 Clothing and accessories 5.8673 5.7431 5.9516 5.5333 5.0994 5.0527 5.1084 5.4956 5.1208 5.0824 
36 Lumber and timber 13.2235 13.0563 12.6651 11.8825 11.3816 11.3914 12.4584 12.0836 11.9596 10.7384 
37 Veneer and plywood 12.9669 12.8991 12.3781 11.7252 11.2455 11.1476 12.2281 11.9264 11.7010 10.6954 
38 Other wood fabricated materials 12.8861 12.9203 12.3729 11.6913 11.2099 11.1778 12.2024 11.8762 11.6568 10.7047 
39 Furniture and fixtures 8.7861 9.4230 9.3671 8.5884 8.2470 8.0374 8.8382 9.4165 9.4048 8.7274 
40 Pulp 32.5132 26.8978 34.8291 31.0289 30.1581 29.1764 27.5529 27.8303 28.8233 31.5137 
41 Newsprint and other paper stock 32.3935 26.8310 34.6939 30.9184 30.0560 29.1110 27.4987 27.7412 28.7211 31.3981 
42 Paper products 27.9489 23.3165 29.2933 26.5315 25.8673 25.3601 23.9650 23.8806 24.5149 26.2334 
43 Printing and publishing 9.0055 8.2027 9.4986 8.7312 8.5938 8.6053 8.7674 9.1417 9.1263 9.0247 
44 Advertising and print media 8.5925 7.9116 9.1644 8.4677 8.3754 8.4593 8.6353 8.9242 8.9322 8.8115 
45 Iron and steel products 36.7927 37.5993 36.8900 33.5633 33.3517 32.3160 33.4957 32.2640 31.2872 31.4067 
46 Aluminum products 37.9993 39.1129 38.7874 35.1514 35.0673 34.0691 35.2883 34.4358 33.6655 32.9149 
47 Copper and copper alloy products 37.8707 38.7392 38.5701 34.9081 34.8124 33.7705 35.0477 34.4653 33.6631 32.6452 
48 Nickel products 38.4483 39.0772 39.1563 35.4557 35.3383 34.2664 35.6194 34.7225 34.0063 33.4235 
49 Other non ferrous metal products 34.0125 35.6710 35.9430 32.3368 32.6096 31.3030 32.3886 31.1749 29.8541 30.0880 
50 Boilers, tanks and plates 13.1670 13.1589 13.9516 13.2652 12.5925 12.1944 13.2378 13.1146 12.5036 11.3227 
51 Fabricated structural metal products 17.1510 15.9795 17.4210 16.8269 16.0718 15.2932 16.1892 15.9456 15.2096 13.8997 
52 Other metal fabricated products 14.3384 14.4838 15.2497 14.4532 13.3667 13.2399 14.5055 14.8095 14.3312 13.1372 
53 Agricultural machinery 8.2499 9.2986 9.0485 7.9069 7.7527 7.2397 8.0548 7.8383 7.7085 7.2907 
54 Other industrial machinery 10.6671 11.1612 10.9204 10.0242 9.8280 9.1369 9.4342 8.6217 8.2722 7.5003 
55 Motor vehicles 6.1228 6.0684 6.1983 5.8134 5.6514 5.4904 6.0690 5.6178 5.5979 4.9348 
56 Motor vehicle parts 6.7511 6.9522 6.8562 6.1083 5.8751 5.7472 6.3713 5.9841 5.9492 5.3076 
57 Other transport equipment 7.5020 7.3923 8.1589 7.3780 7.0880 6.8395 7.5126 6.8870 6.8969 6.1707 
58 Household appliances and receivers 8.6617 8.7113 8.5002 7.6136 7.4568 7.0181 7.2818 6.5950 6.0750 5.4570 
59 Other electrical products 8.2275 8.2250 7.9103 7.1521 6.9585 6.6127 6.7669 6.1582 5.5395 4.8722 
60 Cement and concrete products 30.4005 31.0541 28.9025 28.2347 24.9045 25.8912 27.5896 28.7569 28.9673 27.1460 
61 Other non-metallic mineral products 29.1256 29.6459 27.7238 26.6299 23.2462 24.6418 25.9226 27.1521 27.1229 25.1511 
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Table 8.4 

Energy Intensity of Commodity Production, 1981-1990 (Concluded) 
Commodity 1981 1982 1983 
62 Gasoline and fuel oil 28.0024 31.1210 31.8874 
63 Other petroleum and coal products 26.9434 29.5680 30.0617 
64 Industrial chemicals 25.9090 27.1812 27.3452 
65 Fertilizers 23.2300 21.4343 23.9571 
66 Pharmaceuticals 25.8679 27.1461 27.2544 
67 Other chemical products 25.0894 26.2099 26.4960 
68 Scientific equipment 8.9223 8.6455 8.9126 
69 Other manufactured products 10.5471 10.6928 11.0773 
70-72 Construction 8.9946 8.4105 8.2408 
73 Pipeline transportation 39.1705 36.6325 26.6888 
74 Transportation and storage 23.5228 22.3525 22.6480 
75-77 Radio, television, telephone and postal services 3.6923 3.7962 3.5209 
78 Electric power 62.7527 69.2618 66.4360 
79 Other utilities 62.8224 69.2260 66.3978 
80 Wholesale margins 9.0563 9.1986 8.7406 
81 Retail margins 9.1843 9.5542 8.9322 
82 Imputed rent, owner occupied dwellings 0.5914 0.5703 0.5288 
83 Other finance, insurance and real estate 7.0150 8.1740 7.9425 
84 Business services 3.7259 3.7525 3.7286 
85 Education services 8.9739 9.0584 8.3967 
86 Health services 3.7705 3.8617 3.5179 
87 Amusement and recreation services 6.4601 6.8029 6.4921 
88 Accommodation and food services 9.3554 9.7119 9.7313 
89 Other personal and miscellaneous services 8.4558 8.6737 8.3105 
90 Transportation margins 22.8394 21.4750 21.6860 
91 Operating, office, laboratory and food supplies 9.1934 8.9572 9.3529 


1984 1985 1986 1987 1988 1989 1990 
gigajoules per thousand 1986 dollars 

34.1154 33.5294 34.9465 38.4017 36.6338 37.8890 36.3380 
31.1230 30.1698 31.7415 34.7341 33.3962 34.4610 32.9507 
25.3588 24.1900 23.3039 24.0676 23.8442 23.7726 21.1792 
20.8442 20.5012 19.8212 19.7958 21.2815 22.3104 20.1672 
25.1044 23.8345 22.9845 23.8056 23.8850 23.8068 20.9955 
24.3412 23.0957 22.4186 23.1844 23.1777 23.0663 20.3645 
8.2568 8.0036 7.9324 7.9995 7.5997 7.3444 7.0027 
10.5853 10.5228 10.5638 10.9977 11.0181 11.1473 10.4074 
8.3571 8.1576 7.7036 8.1772 8.0527 7.7798 7.0171 
32.5636 38.0046 35.0871 38.3954 42.9730 44.9944 43.2699 
21.7632 21.7303 21.1976 20.7311 21.8939 22.1807 21.2832 
3.6088 3.6133 3.3660 3.2555 3.2292 2.9656 2.6388 
66.9626 62.2955 56.8966 60.7683 65.2628 72.4596 65.1867 
66.9098 62.2761 56.8960 60.7606 65.2493 72.4338 65.1777 
8.6865 8.1208 7.5662 7.4346 7.4300 7.1850 6.9832 
9.0654 8.7323 8.3260 8.2797 8.4220 8.2971 8.2696 
0.5532 0.5308 0.5210 0.5731 0.5641 0.5278 0.4513 
7.5762 7.5652 7.3663 7.1496 7.2413 7.1894 7.3550 
3.5248 3.6383 3.5709 3.3133 3.2507 3.1213 3.1201 
9.2885 9.5723 8.8914 9.6658 10.0867 10.6060 10.1595 
3.7579 3.5568 3.4715 3.7463 3.6177 3.4932 3.4021 
6.2623 6.1298 5.9885 5.9318 6.2097 6.5219 6.6183 
9.8114 9.6612 9:1919 8.7894 9.0125 SSH 8.8399 
8.3091 8.0305 7.8373 7.7091 7.6176 7.4730 7.3172 
21.0080 21.1065 20.5411 20.0109 21.2056 21.5087 20.6262 
8.6748 8.0766 7.6180 7.7516 7.6029 7.2375 7.1451 


92 Travel, advertising and promotion 15.1523 14.3779 14.4023 14.3767 13.5518 13.2157 11.9787 11.9426 9.9739 11.4172 


Source: 
Statistics Canada, National Accounts and Environment Division. 


crude petroleum and natural gas industry.' This increase 
was in turn a result of the nearly 69 percent increase in nat- 
ural gas production that occurred during the 1980s. 


Wood products experienced a decline in carbon dioxide in- 
tensity over the period in question. This was a result both of 
a shift away from petroleum products toward natural gas by 
the wood products industry and an overall decline in the en- 
ergy intensiveness of wood products (Table 8.4). 


The carbon dioxide intensities of the primary metal products 
fell steadily from 1981 to 1990. The same result was seen 
for the energy intensities of these commodities (Table 8.4), 
although the declines in carbon dioxide intensities were 
greater than those for the energy intensities (21 percent on 
average versus 14 percent on average respectively from 
1981 to 1990). Part of the reduction in carbon dioxide inten- 
sity for these commodities was the result of the overall re- 
duction in their energy intensity seen in Table 8.4; the 
remainder was due to shifts in the composition of energy 
consumption by this industry toward a less carbon dioxide 
intensive mix. 


1. Natural gas consumption by this industry includes gas that is flared in the 
field and at processing plants, gas used for energy purposes in the gath- 
ering system and at processing plants, and gas otherwise used in the 
production processes of this industry. 
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Carbon dioxide intensity of final 
consumption 


Since the production of goods and services takes place to 
meet demand for final consumption, it is reasonable to ask 
what portion of industrial carbon dioxide emissions are at- 
tributable to the production required to meet the demand 
from different final consumption categories.* Table 8.5 
shows such a breakdown of industrial carbon dioxide emis- 
sions.° The first line in Table 8.5, for example, presents the 
carbon dioxide emissions from the business sector that are 
due to the production of commodities to meet the demand 
from households and non-profit organisations (personal 
consumption). Given that personal consumption makes up 
the largest category of final consumption, it is not surprising 
to see that it was responsible for the greatest portion of in- 
dustrial carbon dioxide emissions in each year between 
1981 and 1990. 


2. Final consumption includes the current expenditures of households, gov- 
ernments and non-profit institutions, as well as investment in fixed capital 
formation, additions to inventories of goods, and exports. 

3. It must be emphasized that the figures shown in Table 8.5 are the emis- 
sions associated with the production activity required to meet the demand 
for commodities from final consumption categories. They do not repre- 
sent the emissions associated with the consumption of these commodi- 
ties once they have been purchased. The latter were shown in Table 8.1 
under household and government headings. 
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Table 8.5 

Industrial Carbon Dioxide Emissions by Final Demand Category, 1981-1990 

Final demand category 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 
kilotonnes 

Personal expenditure 122 525 122 774 122 945 124 460 129 477 132 494 138 505 150 086 156 781 151 059 

Government current expenditure 21 089 21 859 21 292 21 120 21 932 22 308 23 560 25 340 26 217 25 130 

Fixed capital formation 50 656 43 509 40 001 40 726 44014 42 594 47 993 50 565 51 553 45 132 

Exports 108 449 98 057 103 956 115 394 121 682 114717 124 620 130 639 139 906 125 062 

Other 5 602 PAINTS 3 063 4562 3 339 3 695 3912 6 908 5 905 7 738 

Total business sector emissions 308 320 288 317 291 255 306 263 320 444 315 808 338 586 363 538 380 360 354 123 

Imports 79 308 63 693 67 180 76 856 81 626 83 581 91 430 103 718 116 406 99 021 

Source: 


Statistics Canada, National Accounts and Environment Division. 


Some explanation is required for the row labelled “imports” 
in Table 8.5. The emissions reported in this row are not the 
actual emissions that occurred in other countries during the 
production of Canada’s imported commodities. Rather, they 
represent the emissions that would have occurred in Cana- 
da had we produced domestically this group of commodi- 
ties. The assumption implicit in these estimates is that 
foreign industries emit the same quantity of carbon dioxide 
in producing one unit of a particular commodity as do Cana- 
dian industries.' The results reported in Table 8.5 indicate 
that Canada exported a more carbon dioxide intensive set 
of goods and services than it imported in all years consid- 
ered in this study. 


Table 8.6 reports the same data as Table 8.5, but per unit 
of expenditure rather than in absolute terms. When consid- 
ered from this perspective, the export category of final con- 
sumption was the most carbon dioxide intensive in all years. 
This.means that we emitted more carbon dioxide in produc- 
ing one dollar’s worth of our exports than was the case for 
any other category of final demand. Over the period consid- 
ered, there were steady declines in the carbon dioxide in- 
tensity of all categories of final demand, from 6 percent for 
government current expenditure to nearly 27 percent for 
fixed capital formation. There are a number of possible rea- 
sons for this decline, several of which have been discussed 


1. This assumption is reasonable given that most Canadian external trade is 
with the United States where the technological structure is very similar to 
that in Canada. 


1984 


0.4694 
0.1988 
0.4487 
0.8964 
0.4453 
0.6739 


above with respect to the carbon dioxide intensity of produc- 
tion activity. Aside from the reasons mentioned above, the 
carbon dioxide intensity of expenditure can also fall as a re- 
sult of shifts in expenditure away from commodities that are 
relatively carbon dioxide intensive toward those that are 
less so. Another phenomenon that is certain to have con- 
tributed to the declines shown in Table 8.6 was the increase 
between 1981 and 1990 in the percentage of our domestic 
consumption met by imported goods and services. During 
this period imports rose steadily from 23.6 percent to 30.3 
percent of domestic consumption. Since the production of 
our imported goods does not result in any domestic carbon 
dioxide emissions, increasing import levels led to declining 
carbon dioxide intensity of domestic consumption. 


Conclusion 


The data presented in this chapter indicate that the carbon 
dioxide emissions are closely tied to the overall level of eco- 
nomic activity (as measured by GDP) and are substantially 
affected by the prices of energy commodities. While petro- 
leum prices were high during the first half of the 1980s, the 
carbon dioxide intensiveness of the business sector overall, 
as well as that of many individual commodities, declined 
significantly. With the fall of oil prices in 1986, carbon diox- 
ide intensities began to rise again for the business sector, 
and for many commodities, although they did not regain the 


Table 8.6 

Carbon Dioxide Intensity of Final Demand, 1981-1990 
Final demand category 1981 1982 1983 

Personal expenditure 0.5079 0.5038 0.4848 

Government current expenditure 0.2081 0.2108 0.2031 

Fixed capital formation 0.4911 0.4792 0.4469 

Exports 1.0238 0.9536 0.9506 

Other 0.6212 0.4074 0.5209 

Imports 0.7422 0.7015 0.6843 

Source: 


Statistics Canada, National Accounts and Environment Division. 
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1985 1986 1987 1988 1989 1990 
kilotonnes 
0.4653 0.4454 0.4453 0.4620 0.4657 0.4447 
0.2001 0.1976 0.2044 0.2109 0.2113 0.1965 
0.4435 0.4194 0.4261 0.4075 0.3926 0.3564 
0.8932 0.8544 0.8942 0.8656 0.9228 0.8095 
0.3480 0.3511 0.4342 0.5420 0.4964 0.5234 
0.6659 0.6267 0.6410 0.6375 0.6828 0.5668 
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levels seen in the early 1980s. The latter point means that 
the Canadian economy became more efficient in its use of 
the environment to absorb carbon dioxide emissions over 
the decade of the 1980s. However, the fact that there was 
an upward trend in intensiveness in the late 1980s suggests 
that some of these efficiency gains may have been tempo- 
rary. Future energy consumption and carbon dioxide emis- 
sion data developed at Statistics Canada will make it 
possible to determine if this was the case. 
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9 Government 
Expenditures on 
Environmental 
Protection 


by Anik Lacroix 


Introduction 


In the four years since the Green Plan! was launched by the 
Government of Canada in 1991, Statistics Canada has 
been involved in developing a system of environmental and 
natural resource accounts* that will be satellite components 
of the Canadian System of National Accounts. One of these 
accounts is aimed at highlighting the costs related specifi- 
cally to environmental protection for each economic sector; 
governments, businesses and households. 


This chapter presents the results of the first detailed analy- 
sis of environmental protection expenditures by federal, 
provincial/territorial and local governments during the 1965- 
1994 period. Such expenditures include, on the one hand, 
those aimed specifically at preventing or reducing the emis- 
sion of wastes and pollutants generated by economic activ- 
ity (pollution abatement and control expenditures (PAC)) 
and, on the other, expenditures aimed at protecting land 
(e.g. expenditures for parks), sub-soil resources, forests, 
water resources, fauna and fish. 


The classification system of public government expendi- 
tures in Canada does not permit a breakdown between nat- 
ural resource conservation activities and those aimed at 
developing the resources. As a result available conserva- 
tion expenditure data relate to both natural resource con- 
servation and development. Also, at the time of writing, park 
expenditure data were only available for provincial/territorial 
governments. Federal government data on park expendi- 
tures exist but have not been reconciled with the conceptual 
framework of environmental protection expenditures. 
Therefore, these limitations should be borne in mind when 
interpreting the results. The data presented in this article 


es 


. The Canadian Green Plan is a government initiative over many years that 
comprises a number of actions aimed at protecting health and the envi- 
ronment, ensuring sustainable development of forestry, agricultural, fish- 
ing and water resources, and at protecting wildlife and its habitat, as well 
as providing comprehensive statistics on the environment in Canada. 

2. This system of satellite accounts will consist of a Natural Resource Stock 

Account, a Natural Resource Use Account, a Waste Output Account and 

an Environmental Protection Expenditure Account. 
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are collected by Statistics Canada from administrative 
sources and from surveys. The appendix provides a list of 
concepts used and a description of existing data. 


Consolidated government 
expenditures on environmental 
protection® 


In fiscal year 1991/92*, consolidated capital and current ex- 
penditures of federal, provincial/territorial and local govern- 
ments on environmental protection were estimated at $18 
billion or 3 percent of gross domestic product (GDP), com- 
pared with $15 billion in 1988° (2.5 percent of GDP). From 
this total, $4.75 billion were spent to finance PAC activities 
in 1991; $13.3 billion were spent to finance natural resource 
conservation and development activities (see Table 9.2). 
These figures exclude expenditures for parks. 


Government investment in pollution 
abatement and control, 1985-1992 


Of all government capital expenditures on environmental 
protection and resource development made in 1992 (calen- 
dar year), $1.4 billion or 11 percent were in PAC activities, 
waste disposal facilities, sewage systems and sanitation 
equipment, according to the results of the Capital and Re- 
pair Expenditure Survey. These results are summarized in 
Table 9.1 (see the Appendix for a list of the categories). Be- 
tween 1985 and 1992 investment in environmental protec- 
tion increased at an average annual rate of 6 percent, which 
is more than double that of all government investment com- 
bined. Eighty-five percent of the investment related to PAC 
in 1992 was made by local governments and was for the in- 
stallation of sewage systems. Investment in sewage system 
construction represented almost 9 percent of total govern- 
ment investment in 1992. In comparison, investment in 
waste disposal facilities accounted for close to one percent 
of total government investment between 1986 and 1992. 


3. These expenditures exclude transfer payments between governments for 
pollution abatement and control (PAC) and natural resource conservation 
and development. 

4. Unless otherwise indicated, years referred to here are fiscal years. 

5. Data on consolidated expenditures for PAC and natural resource conser- 
vation and development are only available for 1988-1991 fiscal years. 
Historical data exist at the consolidated level however they include water 
supply expenditures, tourism, trade and industrial development expendi- 
tures as well as expenditures for water power. See Appendix. 
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Table 9.1 
Consolidated Capital and Repair Expenditures by Governments on Environmental Protection, 


1985-1992 (Calendar Year) 


1985! 1986 1987 1988 1989 1990 1991 1992 
thousand dollars 
Pollution abatement & control - Construction x 40 182 26 901 42 973 68 175 134 261 137 514 141 792 
Waste disposal facilities x 81 457 85 217 90 698 96 439 134 026 100 638 140 543 
Sewage systems 
Sewage treatment & disposal plants 666 098 240 154 431 732 378 508 587 117 668 391 555 576 530 034 
Sanitary & storm sewers 302 567 676 466 520 995 627 583 560 745 721 959 564 282 578 313 
Other sewage system construction? 4 369 6 180 12 228 11 049 25 363 7 116 12 840 3277 
Total sewage system construction 973 034 922 800 964 955 1017 140 1173 225 1 397 466 1 132 698 1111 624 
Pollution abatement & control equipment 5 728 x x x x x 43 680 23 408 
Sanitation equipment? 1817 19 882 15 694 15 925 27 964 61 210 5 286 7 928 
Total government investment in environmental protection 999 903 1 064 321 1 092 767 1 166 736 1 365 803 1 726 963 1419 816 1 425 295 
Federal government 29 501 40 819 54 424 48 902 61 867 55 288 72 307 99 782 
Provincial governments 67 331 56 715 32 213 45 094 38 700 60 314 60 723 79 239 
Local governments 903 071 966 787 1 006 130 1072 740 1 265 236 1611 361 1 286 786 1 246 274 
Total government investment in environmental protection 999 903 1 064 321 1 092 767 1 166 736 1 365 803 1 726 963 1419 816 1 425 295 
As a percentage of total government investment 
Total government investment in environmental protection 9 10 11 10 11 12 11 11 


Notes: 

1. In 1985 local government expenditures for machinery and equipment were excluded. 

2. Also includes investment in lagoon construction; in 1992 data on investments in lagoons and other sewage construction were available separately (respectively $2,905,000 and $372,000). 
3. Combined PAC equipment and sanitation equipment expenditures from 1986 to 1990, because of confidentiality. 

Sources: 

Statistics Canada, Investment and Capital Stock Division and Public Institutions Division (local government expenditures). 


favour of expenditures on other environmental servic- 
es. 


Consolidated provincial/territorial and 


local government expenditures in 1991! 
Natural resource conservation and development 


Consolidated capital and current expenditures by provin- expenditures? and expenditures for parks 


cial/territorial and local governments related to PAC, natural 
resource conservation and development and the develop- 
ment of parks were $12.6 billion in 1991 and accounted for 


Consolidated capital and current expenditures for nat- 
ural resource conservation and development repre- 


6 percent of total consolidated expenditures by these gov- 
ernments in Canada?. 


Pollution abatement and control expenditures? 


As shown in Table 9.2 consolidated expenditures of provin- 
cial/territorial and local governments on PAC, the bulk of 
government expenditures on PAC in Canada, were $4 bil- 
lion in 1991; this represented 2 percent of total consolidated 
expenditures of the two levels of government. The main tar- 
gets were sewage disposal (48 percent of PAC expendi- 
tures) and waste treatment (32.5 percent of PAC 
expenditures). However, expenditures on sewage treat- 
ment declined significantly in importance since 1988 when 
they accounted for more than half of PAC expenditures, in 


ok 


. Includes consolidated provincial/territorial government expenditures for 

parks. 

2. Total consolidated government expenditure data are available through 
the Public Institutions Division and in Statistics Canada, Public Finance, 
Historical Data 1965/66-1991/92 Financial Management System, Cat. 
No. 68-512, May 1992. 

3. These are expenditures earmarked for the following activities: sewage 

treatment, waste treatment, other activities to abate and control air, soil 

and groundwater pollution (pollution control category) and other environ- 
mental services such as administration of an environment department. 

See Appendix for more detail. 
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sented 4 percent of total consolidated expenditures by 
provincial/territorial and local governments in 1991, 
twice as much as PAC expenditures. Development and 
conservation of agriculture consumed $4.2 billion or 50 
percent of the expenditures allocated for resource con- 
servation and development. The development and 
conservation of forests and mines and other activities 
such as energy conservation or management of Crown 
land, accounted for expenditures of over $1 billion 
each. Expenditures on game and fish accounted for 
approximately $300 million. In Newfoundland and the 
Northwest Territories, most conservation and develop- 
ment expenditures were on mines, oil and gas, while in 
British Columbia and Nova Scotia forestry expendi- 
tures were dominant. 


The development and operation of parks accounted for 
the smallest share of total consolidated expenditures 
by provincial/territorial governments in 1991 as well as 
in 1988. 


4. These are expenditures associated with the development and con- 
servation of the following resources: agriculture, fish and game, for- 
ests, mines, oil and gas and other activities such as the 
administration of Crown land and energy conservation. See Appen- 
dix for more detail. 
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Table 9.2 


Government Expenditures on Environmental Protection 


Consolidated Capital and Current Expenditures Made by Governments for Environmental 


Protection by Province, 1991 (Fiscal Year) 


Canada Nfld. PEt N.S. 
Consolidated federal/provincial/local government expenditures 
Pollution abatement and control 4 747 032 
Natural resource conservation & development? 13 305 830 
Consolidated provincial/local government expenditures 
Pollution abatement and control 
Sewage collection and disposal 1955541 19420 2580 63210 
Waste collection and disposal 1321232 14444 3808 53844 
Pollution control 265 261 2 956 348 6 103 
Other environmental services? 517544 1826 1490 5575 
Total pollution abatement and control 4059578 38646 8226 128732 
Natural resource conservation & development 
Agriculture 4215937 15108 42418 35782 
Fish and game 335781 34140 4062 7 628 
Forests 1537011 26602 6722 50064 
Mines, oil and gas 1167788 42329 11 567 
Other 1 080 652 4622 5562 10429 
Total conservation & development 8 337 169 122801 58763 115 469 
Parks4 204 624 6644 3654 6 838 
Notes: 


Figures may not add due to rounding. 

Data provided for fiscal years. 

1. Excludes expenditures for parks because data are not available. 
2. Estimates from the National Accounts and Environment Division. 


N.B. 


42 898 
20 732 

3 420 
19 468 
86 519 


39 284 
21611 
30 629 
2 871 
34 282 
128 676 
9 450 


Que. Ont. Man. Sask. Alta. B.C. Yukon —N.W.T. 
thousand dollars 
537 628 838006 55 495 37 426 146430 192799 5329 14320 
267 306 635900 29608 18 001 107937 164894 864 3 893 
179 066 746 29 730 42 131 - 759 
169 533 73024 10984 119213 11785 103934 590 122 
974 467 1725997 96833 204368 308283 461627 6784 19094 
814655 489258 459687 1144993 1073133 101 006 491 121 
96 462 85 151 8 538 10 819 31457 21921 5796 8 197 
310 061 293912 12483 81 156 126 184 571995 848 26356 
78 486 41690 10950 316 613 531617 81028 1331 49308 
150 055 433042 42326 30 233 222741 120116 6701 20544 
1449719 1343053 533984 1583813 1985131 896066 15167 104526 
32 569 57214 16285 15 449 27559 28550 412 - 


3. Local government expenditures for other pollution abatement and control may include expenditures for both pollution control and other environmental services. 


4. Include only expenditures for parks by provincial/territorial governments. 
Source: 
Statistics Canada, Public Institutions Division. 


Expenditures by level of 
government, 1965-1994 


PAC expenditures 


As Table 9.4 reveals, local governments! are responsible 
for most government PAC expenditures in Canada. In 1991, 


_ they spent $3.2 billion on PAC and a total of $3.7 billion was 


earmarked for 1993. By comparison, consolidated PAC ex- 
penditures made by federal and provincial/territorial govern- 
ments were each less than one billion dollars in 1991. 


Local governments devote a larger portion of their budgets 
to PAC than the other levels of governments. In the early 
1990s, however, the portion of their budgets devoted to 
PAC was no larger than that of the 1960s (5 percent). In 
contrast, federal and provincial/territorial governments de- 
voted less than one percent of their budgets to PAC. 


Between 1965 and 1983, local government PAC expendi- 
tures in constant dollars* (see Table 9.3) increased at the 
average annual rate of 2.5 percent. The growth rate more 
than doubled between 1983 and 1993 to 6 percent a year 


1. Local government expenditures exclude inter-municipal transfers. 
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on average (this rate is higher than the rate of increase of 
total local government expenditures). 


In general provincial/territorial government PAC expendi- 
tures in constant dollars increased markedly from 1970 to 
1991, with growth rates often exceeding15 percent. In com- 
parison, total expenditures by these governments in- 
creased less during these years. 


Federal government PAC expenditures in 1986 dollars also 
increased markedly from 1970 to 1994, at an average an- 
nual rate of 26 percent. This rate was much higher than the 
4 percent registered for federal government expenditures 
as a whole for that period. 


Local governments 


Table 9.4 shows that local governments are mainly respon- 
sible for sewage treatment ($2.2 billion in 1993) and for 
waste disposal ($1.4 billion in 1993). These activities are 
partly financed by provincial/territorial government transfers 
as will be seen later on. The portion of sewage treatment in 
PAC expenditures declined from 73 percent to 60 percent 


2. Growth rates of the various categories of expenditures in constant dollars 
are calculated from estimations at 1986 prices, which are made by apply- 
ing the implicit price index of total government expenditures. The index 
for Canada is presented in Table 9.9 from 1965 to 1994. Provincial esti- 
mates in constant 1986 dollars are available since 1971 (since 1977 for 
the territories). 
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Table 9.3 

Expenditures for Pollution Abatement and 
Control by Level of Government, 1965-1994 
(Fiscal Years) 


Year Federal Provincial/territorial Local 
thousand 1986 dollars 
1965-66 : i 1164 119 
1966-67 BS re 1 192 934 
1967-68 as af 1 296 202 
1968-69 a ‘a 1 332 146 
1969-70 A co 1218 960 
1970-71 30 136 50 545 1 180 471 
1971-72 73 907 114576 1311 940 
1972-73 317 110 243 484 1 428 832 
1973-74 725 179 318 573 1651 180 
1974-75 693 397 ‘ 1 730 002 
1975-76 659 679 299 504 1 858 026 
1976-77 627 785 290 250 2 107 822 
1977-78 600 053 277 096 2 086 988 
1978-79 715 338 263 974 1919 721 
1979-80 580 257 332 487 1 865 530 
1980-81 502 859 469 290 1 963 645 
1981-82 454 807 544 576 1 852 088 
1982-83 544 977 378 703 1 681 456 
1983-84 538 697 379 072 1 746 082 
1984-85 523 586 569 983 1625 214 
1985-86 433 644 es 1671 661 
1986-87 445 727 és 1 842 685 
1987-88 481 242 a 1 942 980 
1988-89 493 656 486 966 2 147 721 
1989-90 546 502 599 540 2 465 506 
1990-91 588 406 747 579 2 736 272 
1991-92 582 512 885 214 2 703 442 
1992-93! 579 549 a 2928 412 
1993-942 602 090 ts 2 997 882 
1994-95° 745 226 
Notes: 


Figures represent non consolidated current and capital expenditures. 

Expenditures in 1986 dollars have been estimated using the implicit price index of total 
government expenditures. 

Figures may not add due to rounding. 

1. In 1992-93 local government data are estimates. 

2. In 1993-94 federal government data are revised estimates while local government 
data are preliminary estimates. 

3. In 1994-95 federal government data are estimates. 

Sources: 

Statistics Canada, National Accounts and Environment Division and Public Institutions 
Division. 


between 1965 and 1993, while the portion of expenditures 
on waste collection and disposal increased. Expenditures 
on waste collection and disposal represented close to 40 
percent of local government PAC expenditures in 1993 
compared to 25 percent in 1965. Expenditures for other en- 
vironmental services! made up 3 percent of local govern- 
ment PAC expenditures in 1993 and were financed mainly 
by provincial/territorial transfers. 


The most recent data from the Survey of Local Government 
Waste Management Practices® show that, in 1993, waste 
collection was mainly contracted out. Also, part of local gov- 


1. Local government expenditures for other environmental services may 
also include expenditures specific to pollution control. 
2. See article by M. Cameron, in this issue, Chapter 3. 
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ernment waste treatment expenditures was used to pur- 
chase recycling services, since almost 70 percent of the 
municipalities surveyed declared having such programmes. 
In British Columbia for instance, an integrated solid waste 
management strategy was adopted ("Reduce, Re-use and 
Recycle") to finance assistance programmes destined for 
municipalities. Other waste management activities financed 
by municipalities in Canada in 1993 included hazardous 
waste, compost collection and public education pro- 
grammes and studies on waste composition. 


Waste disposal expenditures by local governments in 1986 
dollars had an average annual growth rate of 5 percent be- 
tween 1971 and 1993, as shown in Figure 9.1. This rate was 
higher than the rate of increase of total local government ex- 
penditures in Canada (3 percent). Expenditures on sewage 
disposal increased at an average annual rate of 3.5 percent 
since 1971. This translated into more municipal sewage fa- 
cilities, particularly tertiary treatment facilities?. The Canadi- 
an population serviced by municipal wastewater treatment 
facilities increased from 72 percent to 84 percent between 
1983 and 1991. In Prince Edward Island the average annu- 
al growth rate was over 40 percent since 1971 as shown in 
Figure 9.1.The real growth of waste and sewage collection 


3. Figures obtained from Human Activity and the Environment 1994, Cat. 
No. 11-509E, Table 4.2.2, p. 191. 


Figure 9.1 

Average Annual Rate of Growth of Local 
Government Expenditures for Sewage and 
Waste Collection and Disposal in 1986 
Dollars, by Province, 1971-1993. 


Average annual percentage change 
50 


40 eee eee eebide cece eee eseeeeseeneeesascacrsseerensssueassrsscesesseaesesessassesanesearsnsseaseseresserereeseseasesee 
30 wane ewan Pode cere eeeeereeeerenereneceeseeserereetesenesnseesscnsssseemesessesesessensassessesassnaesaeseeeeeseneeees 


20 anne ene pede cece eee en eee en sn eneeeenenreeseeaseesenerraterenserersnseransersererseesrsnreesnesetaesesenseennananses 


Nfld. N.S. Que. Man. Alta. Yukon Canada 
PE N.B. Ont. Sask. B.C. N.W.T. 


Sewage collection and disposal [i Waste collection and disposal 


Notes: 

Estimates in 1986 dollars were calculated from implicit price indices of total government 
expenditures (current and capital), for each province and for Canada as a whole. 

In P.E.I. changes in local government expenditures for sewage collection and disposal 
were highly irregular. 

Sources: 

Statistics Canada, National Accounts and Environment Division and Public Institutions 
Division. 
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Table 9.4 
Expenditures for Pollution Abatement and Control by Level of Government, 1965-1994 (Fiscal 
Years) 

Federal Provincial/territorial Local 

F Other F Other Other 
Year igo control” environmental BAG! Gisposai* disposal ‘control eMWfonmental Total PAC Gspocars —disposalt_eMwifonmeptal Total PAC 

thousand dollars 

1965-66 176115 60931 2783 239 829 
1966-67 193563 66.894 3096 263.553 
1967-68 221624 75794 3744 301 162 
1968-69 238156 81 667 4021 323844 
1969-70 E A f . 235598 79 164 3654 318 416 
1970-71 8 297 A - 8297 : -  —- 10227 3689 13916 240072 81272 3664 325 008 
1971-72 15 135 ; 6487 21 622 : 25 543 7977 33520 270755 108 357 4704 383816 
1972-73 27 097 - 72296 99.393 : - 62.455 13861 76316 325260 117 707 4877 447844 
1973-74 39239 «=: 18 452 186724 244 415 : - 77-192 30180 107372 418857 131 498 6160 556515 
1974-75 32049 23.273 213.472 268 794 : i ¥ 490109 169 751 10772 670632 
1975-76 52678 25 307 211.446 289 431 : - 72.591 58815 131 406 569483 229544 16173 815200 
1976-77 73734 28596 204 468 306 798 : - 87080 54765 141 845 763087 245 144 21.859 1030 090 
1977-78 48552 33263 235096 316911 : - 69.293 77052 146 345 792146 282.594 27 478 1102218 
1978-79 113914 36.258 254949 405 121 : - 69916 79582 149 498 725503 315 782 45.921 1087 206 
1979-80 84006 —-30 162 245 503 359 671 : - 0011 126080 206 091 772367 329051 54926 1156344 
1980-81 69378 35.474 238001 342 853 : - 102 991 216974 319965 890 198 390 894 57 735 1338 827 
1981-82 38446 40 190 271318 349 954 : - 300329 118698 419 027 965935 408 923 50241 1425099 
1982-83 50 421 44 742 370909 466 072 : - 193.034 130838 323 872 938213 456 641 43150 1438 004 
1983-84 16 661 56 249 413285 486 195 : - 157 938 184189 342 127 996524 528 306 51076 1575906 
1984-85 12986 58.649 419697 491 332 : - 148 832 386039 534871 967211 514 442 43.445 1525098 
1985-86 2284 55941 363908 422 133 992875 564 362 70051 1627 288 
1986-87 - 61.983 383744 445 727 1138023 627 753 76909 1842 685 
1987-88 - 67297 430794 498 091 2 P ‘ P . 1208602 714 493 87911 2011006 
1988-89 - 87 142 442 869 530011 77526 54022 226639 164641 522828 1413609 817079 75 200 2305 888 
1989-90 - 113.085 497 185 610270 72412 114495 280066 202524 669496 1734756 935818 82615 2753 189 
1990-91 - 118.855 571471 690 326 75327 125943 296 300 379501 877071 2001997 1 125905 82.331 3210233 
1991-92 - 20221 682.955 703 176 100597 160863 341901 465220 1968580 4 954.272 1 228 222 80949 3263 443 
1992-93 150 4.329 709679 714158 2126 725 1389774 92083 3608 582 
1993-942 275 1004 749906 751 185 2.236 357 1 406 330 97 558 3740 245 
1994-95° : 5 870 929 389 935 259 


Notes: 

Figures represent non consolidated current and capital expenditures. 

Figures may not add due to rounding. 

Data are expressed on a Financial Management System basis. 

For a breakdown of provincial and local government expenditures see Annex, Table 13. 
1. In 1992-93 local government data are estimates. 


2. In 1993-94 federal government data are revised estimates while local government data are preliminary estimates. 


3. In 1994-95 federal government data are estimates. 

4. Includes collection expenditures as well. 

5. May also include expenditures specific to pollution control. 
Sources: 


Statistics Canada, Federal Government Finance, Cat. No. 68-211; Provincial Government Finance - Revenue and Expenditure, Cat. No. 68-207 and Public Institutions Division. 


and disposal expenditures accelerated between 1983 and 
1993 compared with the growth over the 1971-1983 period. 
The average annual growth rate of sewage expenditures in- 
creased from 2 to 5 percent between the two periods while 
the average annual growth rate of waste expenditures in- 
creased from 4 to 7 percent. Expenditures on other environ- 
mental services saw their average annual growth rate 
decline from 14 to 5 percent between the 1971-1983 and 
1983-1993 periods. This attests to an increasing focus of lo- 
cal government activities on waste disposal and sewage 
treatment. 
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Between 1983 and 1993, local governments were allocating 
more for the maintenance of PAC infrastructure and equip- 
ment than for PAC investment. Since the beginning of the 
1990s current expenditures of local governments were 
twice as high as capital expenditures (see Table 9.5). How- 
ever, most sewage treatment expenditures were for capital. 
Capital expenditures on PAC represented 14 percent of to- 
tal municipal investment in Canada in 1993. Current expen- 
ditures on PAC represented less than 4 percent of total 
current expenditures. 
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Federal government 


As shown in Table 9.4, federal government PAC expendi- 
tures made at the beginning of the 1990s were almost en- 
tirely on other environmental services such as Environment 
Canada's administrative services, environmental assess- 
ments and in 1994, elements of the federal government's in- 
frastructure programme. A much lower amount was allotted 
specifically for pollution control. In earlier years the federal 
government was also involved in financing sewage treat- 
ment systems. Federal transfers to provincial/territorial and 
local governments have declined considerably since the 
1970s relative to other types of PAC expenditures. In 1970- 
71, these transfers were the only means of financing PAC 
expenditures while in 1991-92, they accounted for less than 
3 percent of all federal PAC expenditures. 


Federal government PAC expenditures are mostly directed 
to implementing and applying environmental protection leg- 
islation (e.g. Canadian Environmental Protection Act, Fish- 
eries Act). Environment Canada shares the responsibility of 
most federal PAC programmes. Some of these include the 
St. Lawrence River Action Plan, the Great Lakes Action 
Plan, the National Contaminated Sites programme, re- 
search on global change (e.g., research on the greenhouse 
effect), etc. 


Table 9.5 


Provincial and territorial governments 


From 1970 to the mid 1980s, provincial/ territorial PAC ex- 
penditures were only made for specific pollution control ac- 
tivities and for other environmental services. The relative 
importance of both activities varies from year to year but, in 
general, the share of expenditures on other environmental 
services increased considerably, from 26.5 percent in 1970 
to 72 percent in 1984. This was at the expense of specific 
pollution control expenditures which saw their share of total 
PAC expenditures decline in the same proportions. There- 
fore, it seems that between 1970 and 1984, provincial/terri- 
torial governments gradually turned away from specific 
pollution control programmes toward more general activi- 
ties such as environmental assessments, the administration 
of the environment departments, etc. 


Statistics on expenditures for waste treatment and sewage 
disposal activities were first available in 1988 as shown in 
Table 9.4. However, expenditures for sewage disposal saw 
their share of PAC expenditures decrease between 1988 
and 1991 (from 15 percent to 9 percent) and only British Co- 
lumbia, New Brunswick, Nova Scotia and the Yukon have 
spent money on sewage treatment for the past three or four 
years.! The governments of Quebec, Saskatchewan and 
the Northwest Territories had no expenditures for waste 


Detail of Total Provincial/Territorial and Local Government Expenditures for Pollution Abatement 


and Control, 1991-92 


Sewage collection and 


Waste collection and 


share of total 
9, 


‘oO 


disposal disposal 
thousand _ share of total thousand 
dollars (%) dollars 

PROVINCIAL/TERRITORIAL 

carey Serie on goods & 234 02 27 798 

Capital expenditures 573 0.6 2376 

Cte pangs on goods & . 26 616 

Transfer payments to persons 463 0.5 1911 

Transfer payments to business - 3 862 

Transfer payments to municipalities 99 328 98.7 66 274 

Transfer payments to schools : 638 

Transfer payments to hospitals - 940 

aati reconciliation and : 27 434 

Revenue/receipts offset against f 

expenditure 

Adjustments! - - 3013 
Total provincial/erritorial 100 597 100.0 160 863 
LOCAL 

pues migrate on goods & 892 546 45.7 1.068 407 

Capital expenditures 1061 726 54.3 159 815 
Total local 1 954 272 100.0 1 228 222 
Notes: 


Figures may not add due to rounding. 


Pollution control Other PAC Total PAC 
thousand _ share of total thousand _ share of total thousand share of total 
dollars (%) ° dollars (%) dollars (%) 

221 542 64.8 241 683 52.0 491 256 46.0 
7 390 2.2 12 312 2.6 22 651 2.1 
1051 0.3 64 094 13.8 91 762 8.6 
5 582 1.6 19 966 4.3 27 922 2.6 
7 358 2.2 31 531 6.8 42751 4.0 
76 640 22.4 28 625 6.2 270 867 25.3 
- - 638 0.1 
- - - 940 0.1 
- 5 840 Wael 33 274 oul 
-102 - -662 -0.1 -765 -0.1 
22 440 6.6 61 829 13.3 87 282 8.2 
341 901 100.0 465 220 100.0 1 068 580 100.0 
66 222 81.8 2 027 180 62.1 
- - 14 727 18.2 1 236 270 37.9 
- - 80 949 100.0 3 263 440 100.0 


1. Adjustments are made in order to reconcile data from the System of National Accounts classification and data from the Financial Management System classification. 
2. Local government expenditures specific to pollution control and for other environmental services are included in other pollution abatement and control expenditures. 


Source: 
Statistics Canada, Public Institutions Division. 
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treatment, leaving waste management responsibilities to 
local governments. At the other extreme, waste treatment 
accounted for the highest PAC expenditures by the Govern- 
ment of Prince Edward Island (see Annex, Table 13). 


In 1991, other environmental services, worth over $465 mil- 
lion, were still the highest items of PAC expenditures for 
provincial and territorial governments. A considerable part 
of this expenditure was for administration of the ministries 
of the environment. Specific pollution control expenditures 
had their share of PAC expenditures increase between 
1984 and 1988 before declining from 43 percent to 32 per- 
cent between 1988 and 1991 in spite of an increase in size. 
Some of the major government PAC expenditures partly 
managed or financed by the provinces include: the Munici- 
pal-Industrial Strategy for Abatement (MISA) in Ontario 
which aims at reducing water pollution, Ontario's participa- 
tion in the Great Lakes Action Plan, Quebec's participation 
in the St. Lawrence River Action Plan, and British Colum- 
bia's contribution to the Fraser River Basin Action Plan (par- 
ticularly the provincial Fraser River Estuary Management 
programme). . 


More detailed data on the composition of provincial/territo- 
rial expenditures exist. As shown in Table 9.5 for 1991, the 
size of transfers to municipalities and schools and hospitals 
for PAC purposes varies considerably by type of expendi- 
ture category. The largest transfer payments were made to 
finance sewage treatment ($99.3 million in 1991); they were 
followed by specific pollution control transfers (distributed 
among the different categories of municipal PAC expendi- 
tures), transfers for waste treatment and other transfers. In 
the case of British Columbia, all provincial government ex- 
penditures on sewage treatment made between 1988 and 
1991 were in the form of transfers to municipalities. Only the 
Government of Newfoundland did not make transfer pay- 
ments for PAC. 


The financing of PAC expenditures through transfers to mu- 
nicipalities was not the only form of financing by provincial/ 
territorial governments. As Table 9.5 reveals, over half of all 
expenditures specific to pollution control and on other envi- 
ronmental services were made for current purchases of 
goods and services in 1991. Expenditures on other environ- 
mental services consisted partly of purchase of unspecified 
goods and services and transfer payments to businesses. 
Almost 20 percent of waste treatment expenditures were 
current expenditures on goods and services. 


Expenditures on natural resource 
conservation and development 
Federal and provincial/territorial governments support vari- 


ous activities which encourage sustainable development 
and natural resource conservation as shown in Table 9.7. 


= 


. It is possible that in other provinces, particularly in Quebec and Ontario, 
sewage disposal expenditures were included in the water supply cate- 
gory, due to the nature of certain provincial programmes for financing 
sewage systems and aqueducts. 
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Provincial/territorial governments spent $8 billion in 1991 
for natural resource conservation and development. 
Throughout the 1988-1991 period, few transfers were paid 
to other governments for resource conservation and devel- 
opment. Conservation and development expenditures ac- 
counted for close to 5 percent of total expenditures by 
provincial/territorial governments in 1991. This ratio in- 
creased compared with the 1970 ratio of 3 percent but has 
been declining since the peak of 6 percent in 1982. 


Table 9.6 

Expenditures for Natural Resource 
Conservation and Development by Level of 
Government, 1965-1994 (Fiscal Years) 


Year Federal Provincial/territorial Local 
thousand 1986 dollars 
1965-66 33 2 55 311 
1966-67 s is 187 038 
1967-68 2 fr 111 685 
1968-69 or is 92 061 
1969-70 20 sg 129 267 
1970-71 2 427 388 1 727 491 73 442 
1971-72 2 587 840 1 887 666 34 547 
1972-73 2 892 979 1 868 396 156 126 
1973-74 3 776 026 2 096 909 165 716 
1974-75 6 547 176 : 167 758 
1975-76 7 373 301 3 061 520 157 880 
1976-77 5 633 326 3 443 366 172 311 
1977-78 5 206 971 3 487 097 184 698 
1978-79 4 423 174 3 663 245 209 328 
1979-80 6 740 367 3 988 179 278 814 
1980-81 8 952 678 4 432 080 288 002 
1981-82 9 040 159 4 851 356 240 483 
1982-83 9 816 259 6 106 317 315 134 
1983-84 8 201 312 5 523 942 300 220 
1984-85 10 171 587 5 528 891 276 578 
1985-86 6 885 778 se 288 669 
1986-87 5 649 440 Bs 338 145 
1987-88 6 829 863 “d 353 897 
1988-89 5 397 005 5 674 324 326 218 
1989-90 4319 564 6 064 719 372 884 
1990-91 3 739 675 5 472 295 402 680 
1991-92 5 186 693 6 642 873 411 926 
1992-93! 4146 417 2 368 948 
1993-942 3 927 788 es 341 539 
1994-953 3 448 337 
Notes: 


Figures represent non consolidated current and capital expenditures. 

Expenditures in 1986 dollars have been estimated using the implicit price index of total 
government expenditures. 

Figures may not add due to rounding. 

1. In 1992-93 local government data are estimates. 

2. In 1993-94 federal government data are revised estimates while local government 
data are preliminary estimates. 

3. In 1994-95 federal government data are estimates. 

Sources: 

Statistics Canada, National Accounts and Environment Division and Public Institutions 
Division. 

Federal government expenditures on conservation and de- 
velopment amounted to $6.3 billion in 1991, and then de- 
creased to $4.3 billion in 1994. Federal expenditures on 
resource conservation and development accounted for ap- 
proximately 3 percent of total federal government expendi- 
tures at the start of the 1990s. 


In general, provincial/territorial government expenditures on 
resource conservation and development have increased 
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sharply in real terms since 1970 as shown in Table 9.6. The 
average annual growth rate exceeded 6 percent since 
1970. Federal government expenditures increased in real 
terms at an average rate of 4.5 percent per year between 
1970 and 1994. 


Federal government 


As shown in Table 9.7, in the area of natural resource con- 
servation and development, the federal government is pri- 
marily involved in programmes to develop agriculture. They 
accounted for over half of all federal conservation and de- 
velopment expenditures since the mid 1980s, although ex- 
penditures for agriculture decreased from $4.6 billion in 
1991 to $2.4 billion in 1994. These programmes are mainly 


Table 9.7 


aimed at stabilizing prices and providing subsidies to farm- 
ers although part of the expenditures on agriculture also 
went to the National Soil Conservation programme and to 
research on global change. Expenditures on fish and game, 
the second highest expenditures also have declined since 
1991. The North American Wildfowl Management Plan and 
the Environmental Effects Monitoring programme (monitor- 
ing of the effects of industrial activity on fish resource and 
its habitat) are examples of fish and game conservation pro- 
grammes. Expenditures on mines, oil and gas declined sig- 
nificantly between 1984 and 1994, from $6 billion to $569 
million. Several expenditures though were subsidies to 
Crown corporations designed to encourage mining explora- 
tion rather than conservation per se. 


Expenditures for Natural Resource Conservation & Development by Level of Government, 


Canada, 1965-1994 (Fiscal Years) 


Federal Provincial/territorial Local 
Agriculture Fish & game Forests Hepes Other Total Agriculture Fish & game Forests rs Other Total Agriculture Other Total 
thousand dollars 

1965-66 770 10625 11395 
1966-67 1006 40316 41322 
1967-68 1187 24762 25949 
1968-69 1044 21336 22380 
1969-70 = & 23 es & te ss % = a Es s. 898 32869 33767 
1970-71 447 213 71241 22998 70305 56553 668310 211 596 27328 =61386 748 30943 68999 475614 1161 19059 20220 
1971-72 540 633 73 182 23559 48606 71108 757088 229 339 39852 174252 37593 71212 552248 461 9646 10107 
1972-73 635 986 120248 30091 38428 82004 906757 272 780 43363 157765 41428 70282 585618 810 48125 48935 
1973-74 710 302 110 241 1241 319843 131048 1272675 321 265 61 091 177 347 51305 95736 706 744 1042 54811 55853 
1974-75 963 000 141 000 1000 1295000 138000 2538000 % us a e a re 1918 63113 65031 
1975-76 1262000 181 000 1000 1629000 162000 3235000 635 598 104166 290304 169592 143567 1 343 227 9320 59949 69269 
1976-77 1335000 206 000 2 000 993000 217000 2753000 691 199 103996 317983 426931 142660 1682769 36562 47646 84208 
1977-78 1287000 217 000 2000 977000 267000 2750000 738 299 122042 369138 408672 203518 1841669 46335 51211 97546 
1978-79 1274000 251 000 2 000 720000 258000 2505 000 677 979 137321 427373 556224 275728 2074625 55 882 62668 118550 
1979-80 1564000 252 000 4000 2104000 254000 4178000 908 494 154777 510187 579410 319195 2472063 76736 96086 172822 
1980-81 1316000 292000 59000 4125000 312000 6104000 1136035 167746 711757 621797 384489 3021 824 91690 104672 196 362 
1981-82 1681000 356000 75000 4382000 462000 6956000 1459124 184363 803015 706539 579861 3732902 77023 108018 185041 
1982-83 1679000 386000 97000 5489000 744000 8395000 1509956 211670 824805 1933967 741809 5 222 207 114735 154772 269507 
1983-84 1819000 502000 117000 4429000 535000 7402000 1527207 209810 837733 1584565 826255 4985570 139809 131151 270960 
1984-85 2226000 595000 164000 5947000 613000 9545000 1825725 230214 903486 1379276 849601 5 188 302 141630 117910 259540 
1985-86 2427000 510000 200000 2943000 623000 6703000 145000 136006 281006 
1986-87 3238 424 388 334 224701 1094982 702999 5649 440 184946 153199 338145 
1987-88 4720872 328 401 660250 708 981 650481 7 068 985 és < és Re * 80 170102 196185 366 287 
1988-89 3614209 393 464 311776 767 246 707769 5794464 2726916 302 864 1247665 977089 837672 6092 206 124297 225945 350242 
1989-90 3011 498 402070 284 463 365551 760003 4823585 2834 386 342942 1394897 1340073 860072 6772370 163 413 252980 416393 
1990-91 2592673 470 382 215 421 383 426 725538 4387440 2901736 349733 1413677 990898 764131 6420174 156099 316331 472430 
1991-92 4622131 483973 206653 325 310 623016 6261083 4168575 338 934 1537011 1167788 806594 8018 902 168 376 328878 497 254 
1992-93! 3237913 693646 236048 321573 620308 5 109 488 146683 307959 454642 
1993-942 2881503 692 158 237655 497 388 591718 4900 422 139 388 286726 426 114 
1994-95° 2436 523 573942 225 869 568 992 522337 4327 663 

Notes: 


Figures represent non consolidated current and capital expenditures. 


Figures may not add due to rounding. 
Data are expressed on a Financial Management System basis. 
For a breakdown of provincial and local government expenditures, see Annex, Table 13. 
1. In 1992-93 local government data are estimates. 
2. In 1993-94 federal government data are revised estimates while local government data are preliminary estimates. 
3. In 1994-95 federal government data are estimates. 


Sources: 


Statistics Canada, Federal Government Finance, Cat. No. 68-211; Provincial Government Finance - Revenue and Expenditure, Cat. No. 68-207; Public Institutions Division. 
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Table 9.8 


Government Expenditures on Environmental Protection 


Detail of Provincial/Territorial Government Expenditures for Natural Resource Conservation and 


Development and for Parks, Canada, 1991-92 


Agriculture Fish and game Forests 


thousand shareof thousand share of 
dollars total (%) dollars _ total (%) dollars 


Current expendi- 
tures on goods & 
services 


754 753 18.1 177 221 52.3 1 088 391 70.8 


Capital 
expenditures 23 816 0.6 8 427 2.5 57 532 27 
Other expenditures 
on goods & 86 263 ol 29 845 8.8 
services 


181 849 11.8 


Transfer payments 
to persons 71584 1.7 6 686 2.0 6319 0.4 
Transfer payments 


to business 3 078 903 73.9 23 332 6.9 61176 4.0 


Transfer payments 
from provincial to 
federal 43 851 Teal 
governments 


Transfer payments 
to municipalities 11 AGS 1:9 3153 O28 


Interest on public { 
debt 


Expenditure recon- 
ciliation and 47 526 vat 6 431 1.9 4 823 0.3 
integration 


Direct taxes = = 9 


Indirect taxes - - - - -7 000 -0.5 


Revenue/receipts 
offset against -11 559 -0.3 -150 - -1 309 -0.1 
expenditure 


Intra subsectorial 


Mines, oil and gas 


Other natural resource _—‘ Total natural resource 
conservation & conservation & Parks 
development 


thousand _ share of thousand shareof thousand share of 


dollars _ total (%) dollars total (%) dollars __ total (%) dollars __ total (%) 
269 916 23.1 781 528 96.9 3.071 810 38.3 185 116 90.4 
6 524 0.6 19 452 2.4 115 750 1.4 13 652 6.7 
15 251 1.3 38 238 4.7 351 445 4.4 1755 Sd 
15 831 1.4 7112 0.9 107 532 1.3 513 0.3 
191 310 16.4 177 019 21.9 3 531 740 44.0 123 0.1 
43 851 0.5 
- - 54 820 6.8 135 137 Tave 89 
- - - - 1 
44015 3.8 3 528 0.4 106 323 13 60 
43 452 37, - - 43 452 0.5 - 
-7 000 -0.1 
-180 - -1 853 -0.2 -15 053 -0.2 
franciars -4 191 -0.5 -4191 -0.1 
Adjustments! -3 725 -0.1 83 989 24.8 145 230 9.4 581 671 49.8 -269 059 -33.4 538 105 6.7 -6 596 -3.2 
Total 4 168 575 100.0 338934 100.0 1 537 011 100.0 


1167788 100.0 


806 594 100.0 8 018 902 100.0 204713 100.0 


a 


Note: 


1. Adjustments are made in order to reconcile data from the System of National Accounts classification and data from the Financial Management System classification. 


Source: 
Statistics Canada, Public Institutions Division. 


Most of federal government transfer payments to provinces, 
territories and municipalities for natural resource conserva- 
tion and development ($1 billion in 1991) went to agricul- 
ture. This constitutes a significant change compared with 
the 1970s and 1980s when transfers to mines, oil and gas 
represented more than half of all federal transfers for re- 
source conservation and development. 


Provincial/territorial governments 


As shown in Table 9.7, agriculture also accounted for close 
to half of all provincial/territorial resource conservation and 
development expenditures since 1989. In fact since 1970 
agriculture has represented a growing share of conserva- 
tion and development expenditures. One of the pro- 
grammes, in this regard, Ontario's Land Management 
Programme, is aimed at ensuring improved conservation of 
the province's agricultural land. Forest conservation and de- 
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velopment accounted for the second highest group of ex- 
penditures, representing 19 percent of total provincial/ 
territorial expenditures for conservation and development in 
1991, although this ratio declined since 1971. Expenditures 
on mines, oil and gas accounted for almost 15 percent of 
conservation and development expenditures in 1991; this 
ratio has also declined since 1980. The other resource con- 
servation and development expenditures accounted for 10 
percent of the 1991 total. This ratio is also on the decline 
since the beginning of the 1980s. 


As shown in Table 9.8, transfer payments to the other levels 
of government accounted for just 2 percent of resource con- 
servation and development expenditures by provincial/terri- 
torial governments in 1991. 


Transfer payments to business accounted for 44 percent of 
total natural resource conservation and development ex- 
penditures, and mainly consisted of payments in agricul- 
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ture. Current expenditures accounted for 38 percent of total 
resource conservation and development expenditures, and 
were shared mainly among agriculture, forests and other 
natural resource and development activities. 


Local governments 


Local governments spent $139.4 million in 1993 on the con- 
servation and development of agricultural resources and 
these expenditures grew at an average annual rate of 27 
percent between 1965 and 1993. Local governments also 
spent $286.7 million in 1993 on other natural resources 
such as energy, and these expenditures increased at an av- 
erage annual rate of 20.5 percent between 1965 and 1993. 


Parks 


The final category of environmental protection expenditure 
under review is the development and operation of parks. 
The Green Plan actually stressed the need to protect 12 
percent of the land and to complete the national parks sys- 
tem by the year 2000. Provincial/territorial governments 
spent $204.7 million in 1991 for the development and oper- 
ation of parks, an increase from $192.3 million in 1988. Al- 
most all consisted of current expenditures on goods and 
services (90 percent in 1991), and the rest were mostly in- 
vestments and other expenditures on goods and services 
(see Table 9.8). 


Conclusion 


Consolidated government environmental protection expen- 
ditures in Canada, estimated at $18 billion in 1991, are bro- 
ken down between PAC expenditures ($4.7 billion) and 
natural resource conservation and development expendi- 
tures ($13.3 billion). Expenditures for parks should also be 
included but for the moment only data on provincial/territo- 
rial government expenditures are available since federal 
government data have yet to be reconciled with the concep- 
tual framework of environmental protection expenditures. 
PAC expenditures represent one percent of total consoli- 
dated government expenditures in Canada and for more 
than thirty years have been mostly made by local govern- 
ments. Local governments are mainly responsible for sew- 
age treatment and waste disposal. Expenditures for other 
environmental services are made mostly by federal and 
provincialferritorial governments while specific expendi- 
tures for pollution control are almost exclusively made by 
provincial/territorial governments. 


Expenditures on natural resource conservation and devel- 
opment are almost exclusively made by provincial/territorial 
governments and by the federal government. The largest 
expenditures in this respect are classified under the conser- 
vation and development of agriculture, although these ex- 
penditures are mostly subsidies to farmers. Indeed, data on 
the various categories of resource conservation and devel- 
opment expenditures do not separate the specific amounts 
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related to the conservation of soils, forests, waters, mineral 
resources and the protection of fauna. There is an ongoing 
project to collect more information on government environ- 
mental protection expenditures through detailed analysis of 
the different sources of administrative data on expenditures 
by federal and provincial/territorial government depart- 
ments. Eventually this work should provide more detail on 
the nature of resource conservation and development activ- 
ities and more data on park expenditures. Other activities 
which relate to environmental protection such as regional 
planning and development might also be included. 


Appendix: Definitions and data 
quality 


Environmental protection expenditures by governments in 
Canada are defined as expenditures by federal, provincial/ 
territorial and local governments that are undertaken with 
the sole aim of preventing, reducing and abating degrada- 
tion of the natural environment or to preserve the environ- 
ment. The following activities are included in this definition: 


1. Pollution abatement and control (PAC) 
¢ protection of ambient air and climate 
¢ protection of surface water 
¢ waste collection and treatment 
¢ protection of soil and groundwater 
¢ protection against noise, vibration and radiation 
e research and development on PAC 


¢ other environmental services (e.g education, adminis- 
tration of the ministry of environment) 


2. Conservation 
¢ wildlife and habitat 
° soil 
¢ mineral resources 
¢ forests 
° waters 


Classification of expenditures according 
to the financial management system 

In practice, data on government expenditures available at 
Statistics Canada are classified by function based on the Fi- 


nancial Management System (FMS) of government reve- 
nues and expenditures. 


1. PAC expenditures are included in the ‘environment’ 


function of the FMS under the following categories: 
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¢ Sewage collection and disposal (sewage treatment): 


expenditures on the construction and maintenance of 
sewage removal and treatment facilities (including 
sanitary sewers and combined sanitary-storm sew- 
ers), expenditures related to inspection and cleaning 
of sewers, and subsidies related to assistance and re- 
search in this area. 


¢ Waste collection and disposal (waste treatment or 
waste management): expenditures on construction 


and maintenance of garbage and waste collection and 
disposal (including landfill sites, incineration, recycling 
and landfill site cleanup), and on managing waste col- 
lection and disposal programmes. 


¢ Pollution control: all expenditures to prevent or reduce 
air, water, soil or groundwater pollution. 


¢ Other environmental services (not elsewhere speci- 
fied): expenditures for such services as general ad- 


ministration of the ministry of environment, education, 
environmental assessments, contributions to environ- 
mental agencies, etc. 


The ‘environment' classification includes expenditures for 
water supply and distribution. However these expenditures 
are excluded from environmental protection expenditures 
because they relate to human health protection rather than 
to environmental protection. Data on government expendi- 
tures for the 'environment' function are published on a reg- 
ular basis, by level of government, both at the consolidated 
and non consolidated levels. 


2. Natural resource conservation and development 


These expenditures are classified under the ‘Natural Re- 
source Conservation and Industrial Development function 
of the FMS but exclude the categories ‘tourism’, ‘trade and 
industrial development' as well as the category ‘water pow- 
er'. Water power includes control of damage due to floods 
and the installation of dams. Natural resource conservation 
and development activities include the following expendi- 
tures: 


¢ Agriculture: expenditures for research, price stabilisa- 
tion, soil conservation and protection against soil ero- 
sion, farm subsidies, drainage expenditures, etc. 


e Fish and game: expenditures for research and man- 
agement of fish and wildlife including expenditures for 
aquaculture as well as wildlife habitat protection ex- 
penditures, etc. 


¢ Forests: expenditures for research, pest control, con- 
trol of fires, expenditures for construction of logging 
roads, reforestation, etc. 


¢ Mines, oil and gas: expenditures related to research, 
exploitation and conservation of mining resources. 


e Other: expenditures related to the management of 
Crown land, energy conservation, subsidies to conser- 
vation agencies for energy related R&D, etc. 


Data on government expenditures for the ‘natural resource 
conservation and industrial development’ function are pub- 
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lished on a regular basis, by level of government, both at the 
consolidated and non consolidated levels. 


3. Parks 


Park expenditures are a component of the ‘Recreation and 
Culture’ function of the FMS. They comprise all expendi- 
tures associated with implementing and maintaining nation- 
al, regional, provincial and municipal parks. Only data on 
expenditures by provincial/ territorial governments from 
1988-89 to 1991-92 provide this amount of detail. 


Available detail 


Data on expenditures by provincial/territorial governments 
from 1988 to 1991 are produced using both an FMS classi- 
fication and an economic classification (System of National 
Accounts). In order to reconcile the data from the two clas- 
sifications, it is necessary to take account of differences in 
the methodologies. 


The System of National Accounts classification is made up 
of the following elements: 


¢ current expenditures on goods and services 

* capital expenditures 

* expenditures on non-specified goods and services 
¢ transfers to individuals 

¢ transfers to businesses 


transfers to local governments and to other levels of 
government 


interest payments on public debt 


expenditure reconciliation and integration (expendi- 
tures not specified above) 


¢ direct and indirect taxes 
¢ revenues/receipts offset against expenditures 


Assets of the Capital and Repair 
Expenditure Survey 


Statistics Canada's Capital Repair and Expenditure Survey 
provides figures on capital expenditures for PAC construc- 
tion and machinery and equipment, and construction and 
equipment used for waste and sewage disposal from 1985 
to 1992 (calendar years). These assets include the follow- 


ing: 
¢ construction related to PAC 
¢ waste disposal facilities 


¢ construction of sewage networks: sewage treatment 
and disposal plants including pumping stations; sani- 
tary and storm sewers, trunk and collection lines, open 
storm ditches and laterals; lagoons, and any other 
sewage system construction. 


e PAC equipment 


sanitation equipment 
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1973 1974 1975 1976 1977 1978 1979 

33.7 38.8 43.9 48.9 52.8 56.6 62.0 

1988 1989 1990 1991 1992 1993 1994 
107.4 111.7 117.3 120.7 123.2 124.8 125.5 


Table 9.9 

Implicit Price Index, Total Government Expenditure, 1986=100.0 
Year 1965 1966 1967 1968 1969 1970 1971 1972 

Index 20.6 22.1 23.2 24.3 26.1 27.5 29.3 31.3 

Year 1980 1981 1982 1983 1984 1985 1986 1987 

Index 68.2 76.9 85.5 90.3 93.8 97.3 100.0 103.5 

Source: 


Statistics Canada, National Accounts and Environment Division. 


Method of deflation 


Estimates in constant dollars were produced from implicit 
price indexes of total government expenditures obtained 
from the national accounts with 1986 as the base year (see 
Table 9.9). A similar price index was calculated for each 
province and territory for the 1971-1993 period (1977-1993 
period for the territories). These indices are crude approxi- 
mations. Specific price indices for PAC and other environ- 
mental protection expenditures are not available. 
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Table 1 


Selected Environmental Quality Statistics, 1961-1994 


AIR QUALITY 
Urban ground level! 

Average station exceedances for SOz, NO, and CO 

Average station exceedances for ozone 

Average station exceedances for particulates 
Ozone layer? (Dobson units’) 

Toronto 

Edmonton 

Resolute 

Production of CFCs (kt) 

Production of other ozone depleting substances (kt) 
Air emissions (thousand tonnes) 

Nitrogen dioxide 

Sulphur dioxide 

Carbon monoxide 

Carbon dioxide from fossil fuel combustion 

Particulates 


Source 


(of lop ley lop ior 


1961 


346 
338 
371 


204 


1966 


1970 


1971 


353 
342 
399 


357 


1972 


351 
341 
388 


375 


1973 


348 
342 
384 


392 


1974 


349 
344 
383 


400 


1975 


351 
343 


1976 


352 
343 
371 


411 


1977 


350 
343 
378 


403 


1978 


347 
341 
384 


409 


1979 


9.8 
25.4 
8.2 


349 
342 
384 
17.3 

3.4 


425 


1980 


o . oo o - . oe 


LAND 
Agricultural land use (million hectares) 
Cropland 
Improved pasture 
Summerfallow 
Other land 
Unimproved farmland 
Total farmland 
Proportion of Canada's land area in agriculture (%) 
Grain crop production (all types) (thousand tonnes) 
Total cattle inventory (thousands)* 
Agricultural fertilizer use (thousand tonnes) 
Nitrogen 
Phosphate 
Potash 
Total fertilizer sold (thousand tonnes) 
Value of agricultural pesticides applied (million $1986) 
Proportion of Canada's land area in forests (%) 
Forest harvested (thousand cubic metres) 
Natural loss of forests (thousand cubic metres) 
Total forest depletion (thousand cubic metres) 
Rural to urban land conversion (hectares)® 
ATLANTIC FISH CATCH’ (thousand tonnes) 
Groundfish 
Pelagics 
Salmon 
Total finfish 
ENERGY USE (petajoules) 
Coal 
Oil 
Natural gas 
Natural gas liquids 
Total primary fuels 
Nuclear 
Total non-renewable energy 
Hydroelectricity 
Wood 
Total renewable energy 
Total energy 
Energy per capita (gigajoules per capita) 
Energy per $ of real GDP (megajoules per 1986 $) 
Notes: 


5 


NOOhWONM — 


Sources: 


[ou 


=~i5) (y) Gy mr ty tel ey (Key Ve) 


a 


jou 


eo 2.0.4 ~ 0. G 070. ava aa 


j 
j 
j 
j 


25.3 
4.1 
11.4 
1.0 
28.0 
69.8 
7.6 

15 961 
11 934 


73 
161 
93 
709 


1 365 
85 

2 

1 452 


566 
13 
3 294 


6 224 
364 
178 
542 

6 766 
180 
19.5 


1743 
285 

4 

2 032 


635 
2 328 
938 
43 

4 408 
1 

8 353 
463 
107 
570 

8 923 
220 
19.0 


25 863 
12 826 


268 
281 
175 
1694 
169 


121 400 


1 738 
784 

4 

2 526 


708 

2 860 
1 370 
49 

5 545 
4 

10 536 
555 
106 
661 

11 197 
260 
20.4 


27.8 
4.1 
10.8 
1.0 
25.0 
68.7 
7.5 

35 892 
13 271 


323 
326 
184 
1.915 


86 090 


1701 
824 

5 

2 530 


673 
3119 
1 462 

56 
5 890 
15 
11215 

564 

342 

906 

12 121 

267 

20.5 


32 938 
13 644 


334 
341 
189 
1972 


635 

3 425 
1644 
66 

6 411 
26 

12 208 
615 
353 
968 
13 176 
288 
21.1 


33799 28205 33 441 


14 128 


410 
415 
191 
2 261 


654 
3771 
1749 

69 

6 937 
54 

13 235 

641 

377 
1018 

14 252 

308 

21.2 


15 101 


513 
494 
202 
2 608 


1359 
871 
4 

2 234 


665 

3 931 
1 767 
83 

7 209 
53 

13 708 
709 
391 

1 100 
14 808 
315 
2a 


15 260 


531 
502 
207 
2676 


1195 
916 
5 
2116 


658 

3 806 
1 800 
74 

7 081 
45 

13 463 
699 
326 
1025 
14 487 
305 
20.2 


28.3 
4.1 
10.9 
0.9 
24.2 
68.4 
7.4 

40 931 
14 384 


586 
503 
242 
2780 


61 164 


998 
829 
4 

1 831 


709 
3770 
1841 

71 

7 183 
63 

13 637 

729 

346 
1075 

14712 

305 

19.3 


. This information provides a measure of the number of times the oxides, ozone or particulates exceeded maximum acceptable levels each year. 
. From 1961 to 1992 figures are averaged from six readings per year while 1993 figures are averaged from three readings. 

. Dobson unit: a unit measure used to estimate the thickness of the ozone layer. 100 Dobson units represents a quantity equivalent to a 1mm thick layer of ozone at sea level. 
. Changes in surveying dates and methods between 1975 and 1976 may cause some inconsistencies. 
. Total fertilizer sold includes all nutrients as well as fertilizer filler materials. 

. These figures represent rural to urban land use conversion over the preceding five years. Data were not collected after 1986. 
. Includes surveillance estimates of catches in the NAFO regulatory area and foreign catches made outside the 200-mile zone on straddling stocks and the Flemish Cap. 


37 947 
13 619 


599 
503 
234 
2 829 


820 
533 
4 
S57, 


773 

4 004 
1643 
56 

7 296 
95 

13 866 
725 
346 
1071 
14 937 
307 
18.9 


37 342 
12 807 


755 
594 
273 
3 267 


848 
326 
3 
1177 


789 
4011 
1 664 

48 

7 389 
112 
14013 

766 

357 
1123 

15 136 

307 

18.3 


a. Environment Canada, State of the Environment Directorate, Technical Supplement to the Environmental Indicator Bulletin on Urban Air Quality, Ottawa, 1994. 
b. Environment Canada, State of the Environment Directorate, Technical Supplement to the Environmental Indicator Bulletin on Stratospheric Ozone Depletion, Ottawa, 1993. 


c. Organisation for Economic Cooperation and Development, OECD Environmental Data Compendium 1993, Paris, 1993. 
d. Statistics Canada, National Accounts and Environment Division. 


e. Statistics Canada, Human Activity and the Environment 1994, Cat. No. 11-509, Ottawa, 1994. 


f. Statistics Canada, Agriculture Division. 


g. Statistics Canada, Fertilizer Trade, Cat. No. 46-207, Ottawa, various issues, and Agriculture Canada, Farm Policy Development Branch. 
h. Natural Resources Canada, Canadian Forest Service, Canada's Forest Inventory 1981, 1986, 1991. 
i. Environment Canada, State of Environment Directorate, Technical Supplement to a Report on Canada's Progress Towards a National Set of Environmental Indicators, Ottawa, 1991. 
j. Department of Fisheries and Oceans Canada, Biological Sciences Directorate. 
k. Environment Canada, State of the Environment Directorate, Technical Supplement to the Environmental Indicator Bulletin on Energy Consumption, Ottawa, 1994. 
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30 643 
12 650 


831 
630 
330 
3 671 


934 
236 
3 
1173 


876 
4297 
1734 

69 

7 864 
127 

14 967 

761 

374 
1135 

16 102 

324 

18.8 


35 564 
12 764 


831 
628 
349 

3 572 
398 

47 

156 500 
24 600 
181 100 


930 
242 
4 
1176 


928 
4196 
1785 

86 
7929 
137 

15 062 

797 

405 
1 202 

16 264 

322 

18.7 
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Table 1 
Selected Environmental Quality Statistics, 1961-1994 (Concluded) 


Source 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 


AIR QUALITY 
Urban ground level! 


Average station exceedances for SOs, NO, and CO a 10.3 6.8 5.4 2.2 2.6 4.4 1.8 2.5 1.3 3.3 ide) 0.2 
Average station exceedances for ozone a 23.8 13.8 35.6 17.9 11.6 10.0 15.8 57.8 19.8 10.6 19.0 6.7 
Average station exceedances for particulates a 5.8 4.4 2.7 3.1 2.0 2.0 2.5 2.4 1.9 0.9 1.1 0.8 
Ozone layer (Dobson units?) 
Toronto b 347 341 337 337 338 339 341 341 338 337 335 332 326 
Edmonton b 342 341 338 336 335 335 S35 333 332 332 330 324 319 
Resolute b 6376 372 367 370 375 366 357 354 350 349 349 345 337 
Production of CFCs (kt) b 15.2 14.2 15.6 169 18.5 19:9elko 21:0 18.8 13.1 8.8 10.7 
Production of other ozone depleting substances (kt) b 2.8 3.2 3.7 4.7 4.6 G0) 6.6 6.6 5.4 41 35 2.5 
Air emissions (thousand tonnes) 
Nitrogen dioxide ce 1907 1897 1884 1871 1 958 ss ss 5 s 1 923 * 
Sulphur dioxide c 4291 3612 3625 3955 3692 3627 3762 3838 3695 3323 3306 
Carbon monoxide c ee x B = 10781 ¥ we is ie _ Rs 5 2 
Carbon dioxide from fossil fuel combustion d 410 390 381 396 412 404 419 450 465 445 437 452 453 
Particulates c 1 709 
LAND 
Agricultural land use (million hectares) 
Cropland ef 30.9 a e en oe cf ee i i 33.5 
Improved pasture e,f 41 a cs es 3 3.6 zs y = + 4.1 
Summerfallow e,f 9.7 vs i S 8.5 x es re we 7.9 
Other land e,f 1.4 zs ss 4 e 0.7 
Unimproved farmland ef 19.8 o bi s i RIES} < a * ue 
Total farmland ef 65.9 ‘s o a ~ yA} = ws so se 67.8 
Proportion of Canada's land area in agriculture (%) d Ue es 5 Pe ee 7.4 re o e % 7.4 es A 
Grain crop production (all types) (thousand tonnes) f 44096 46728 41415 35933 41209 50870 44477 30250 41881 49530 46314 44605 45 802 = 
Total cattle inventory (thousands)* f 12764 12591 12290 12031 11651 11299 11264 11512 11780 11907 12172 12473 12715 13263 
Agricultural fertilizer use (thousand tonnes) 
Nitrogen g 916 966 1002 1157 1254 1221 1145 1188 14160 1196 1158 1253 1306 1406 
Phosphate g 635 636 652 als} 724 695 626 634 614 614 578 592 637 616 
Potash g 363 344 338 377 400 370 370 404 356 360 338 310 328 316 
Total fertilizer sold (thousand tonnes)® g 3758 3742 3842 4243 4435 4300 4069 4241 4048 4105 3922 4071 4218 4501 
Value of agricultural pesticides applied (million $1986) e 694 Pe Fe 3 705 i “ , 
Proportion of Canada's land area in forests (%) d,h 48 a i Fe S ee 45 
Forest harvested (thousand cubic metres) c 143 700 22 m = .. 188 000 
Natural loss of forests (thousand cubic metres) c 143 800 s ne re .. 217000 
Total forest depletion (thousand cubic metres) c 287 500 23 “ .. 405 000 


Rural to urban land conversion (hectares)® i 98 976 ae e Ms POUL O 


ATLANTIC FISH CATCH’ (thousand tonnes) 


Groundfish j 980 1032 949 983 OGZ eed og a tat 2Oe dt OST 1026 998 886 659P 455P 192P 
Pelagics PB) 217 231 270 302 379 412 493 423 516 331 286P 258P 203P 
Salmon j 4 3 2 1 2 3 3 2 1 1 1 1P -P -P 
Total finfish ji 2OOMI COC OOM OS: 1366 1539 1535 1526 1450 515 1218 946P 713P 395? 
ENERGY USE (petajoules) 
Coal k,d 946 1002 1048 1167 1122 1040 1118 1200 1198 1077 1104 1137 1044 
Oil d 3990 3332 3183 3170 3077 3038 3155 3339 3402 3463 3249 3175 3462 
Natural gas d 1710 1718 1754 1880 2361 2317 2358 2593 2790 2676 2705 2863 2439 
Natural gas liquids d 104 73 93 136 172 164 216 Pali? 236 217 232 262 275 
Total primary fuels d 7713 7062 7061 7412 7876 7789 8082 8627 8902 8738 8612 8748 8873 
Nuclear d,e 136 130 166 177 206 242 262 281 271 248 288 274 319 
Total non-renewable energy d 14599 13317 13305 13942 14813 14590 15191 16257 16798 16419 16191 16458 16412 
Hydroelectricity de 826 806 817 881 939 989 972 996 1005 1057 1033 41038 1055 
Wood k 393 421 459 391 473 498 503 503 483 473 485 491 493 
Total renewable energy Ci 2 19 2277 Omen! 1412 1487 1475 1499 1488 1530 1518 1529 1548 
Total energy d 15818 14544 14581 15214 16225 16077 16666 17756 18286 17949 17709 17987 17960 
Energy per capita (gigajoules per capita) d 310 280 277 288 304 297 304 321 325 314 306 308 314 
Energy per $ of real GDP (megajoules per 1986 $) Cl a5) 16.6 16.1 15.9 16.1 15.4 15.4 15.7 15.7 15.4 15:5) 15.6 15.9 


Notes: 

1. This information provides a measure of the number of times the oxides, ozone or particulates exceeded maximum acceptable levels each year. 

2. From 1961 to 1992 figures are averaged from six readings per year while 1993 figures are averaged from three readings. 

3. Dobson unit: a unit measure used to estimate the thickness of the ozone layer. 100 Dobson units represents a quantity equivalent to a 1mm thick layer of ozone at sea level. 

4. Changes in surveying dates and methods between 1975 and 1976 may cause some inconsistencies. 

5. Total fertilizer sold includes all nutrients as well as fertilizer filler materials. 

6. These figures represent rural to urban land use conversion over the preceding five years. Data were not collected after 1986. 

7. Includes surveillance estimates of catches in the NAFO regulatory area and foreign catches made outside the 200-mile zone on straddling stocks and the Flemish Cap. 

Sources: 

a. Environment Canada, State of the Environment Directorate, Technical Supplement to the Environmental Indicator Bulletin on Urban Air Quality, Ottawa, 1994. 

b. Environment Canada, State of the Environment Directorate, Technical Supplement to the Environmental Indicator Bulletin on Stratospheric Ozone Depletion, Ottawa, 1993. 
c. Organisation for Economic Cooperation and Development, OECD Environmental Data Compendium 1993, Paris, 1993. 

d. Statistics Canada, National Accounts and Environment Division. 

e. Statistics Canada, Human Activity and the Environment 1994, Cat. No. 11-509, Ottawa, 1994. 

f. Statistics Canada, Agriculture Division. 

g. Statistics Canada, Fertilizer Trade, Cat. No. 46-207, Ottawa, various issues, and Agriculture Canada, Farm Policy Development Branch. 

h. Natural Resources Canada, Canadian Forest Service, Canada's Forest Inventory 1981, 1986, 1991. 

i. Environment Canada, State of Environment Directorate, Technical Supplement to a Report on Canada's Progress Towards a National Set of Environmental Indicators, Ottawa, 1991. 
j. Department of Fisheries and Oceans Canada, Biological Sciences Directorate. 

k. Environment Canada, State of the Environment Directorate, Technical Supplement to the Environmental Indicator Bulletin on Energy Consumption, Ottawa, 1994. 
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Table 2 
Selected Water Quality Statistics, 1970-1992 
Source 1970 1975 1980 1983 1985 1986 1989 1991 1992 
Surface water quality 
Nitrate(mg/litre) 
St. Lawrence River a 0.193 0.230 0.160 si 0.200 = 0.420 
Saskatchewan River a ‘ 0.150 0.100 % 0.160 a 0.120 
Phosphorus(mg/litre) 
St. Lawrence River a 0.018 0.010 0.025 i 0.018 = a 0.020 
Saskatchewan River a se 0.049 0.064 ie 0.070 ie “ 0.032 
Dissolved oxygen(mg/litre) 
St. Lawrence River a 8.100 10.000 PS 4 9.400 - - 
Saskatchewan River a % 10.000 10.800 Fe 10.400 os i 10.000 
Population served by municipal wastewater treatment (% of total population) 
No treatment b #e 3 ss 28 <a 28 19 < 16 
Some treatment b 72 72 80 84 
Primary treatment b 16 15 20 20 
Secondary treatment b 28 26 28 27 
Tertiary treatment b 63 si zs 28 3 31 32 “4 37 


Note: 
Figures may not add due to rounding. 


Sources: 
a. National Center for Economic Alternatives, Index of Environmental Trends, Washington, 1995. 


b. Environment Canada, Municipal Water Use Database (MUD). 


Table 3 
Selected Statistics on Land by Province and Territory, 1986-1993 
Year Source Canada Nfld. P.E.I. N.S. N.B. Que. Ont. Man. Sask. Alta. B.C. | Yukon N.W.T. 
Total area (km?) a 9970610 405720 5660 55490 73440 1540680 1068580 649950 652330 661190 947800 483450 3 426 320 
Water area (km?) a 755180 34030 - 2650 1350 183890 177390 101590 81630 16800 18070 4480 133300 
Land area (km?) a 9215430 371690 5660 52840 72090 1356790 891190 548360 570700 644390 929730 478970 3293020 
Area of farms (km?) 1986 a 678258 366 2724 4165 4089 36 388 56466 77402 265994 206553 24111 - - 
1991 a 677537 474 2589 3970 3756 34 296 54514 77250 268655 208110 23923 - - 
Forest land! (km?) 1986 © 4533200 224800 2900 40400 63400 940000 807000 349200 237100 377500 603100 273700 616000 
1991 d 4161770 225250 2950 39230 61060 824860 579950 262770 288060 382140 605640 275500 614360 
Other land (km?) 1986 c 4003972 146524 36 8275 4601 380402 27724 121758 67606 60337 302519 205270 2677020 
1991 d 4376123 145966 121 9640 7274 497634 256726 208340 13985 54140 300167 203470 2678660 
Use of farmland 
Cropland (km?) 1986 a 331812 49 1565 1095 1295 17 444 34580 45193 133258 91625 5 708 - - 
1991 a 335078 63 e541 1 O62 me eee 16 385 34117 47610 134589 92920 5 568 - - 
Improved pasture (km?) 1986 a 35 592 38 226 362 272 3011 4313 2749 8787 13768 2 064 - - 
1991 a 41412 46 193 307 250 2709 3 902 S413) 10757 17 425 2 410 - - 
Summertallow (km?) 1986 a 84 990 4 26 39 43 318 803 5092 56583 21270 812 - - 
1991 a 79 209 1 10 12 16 147 637 2970 57128 17714 575 - - 
Cropland tilled? (percent) 1991 b 80.9 97.77 99.4 98.9 987 99.1 98.2 94.1 70.2 84.0 90.6 - - 
Protected area (km°) 1993 e 774451 7617 333 3187 3935 164909 77008 48957 17030 66519 103140 49452 232364 
Road network 
Two-lane equivalent length? (km) 1990-91 f 874155 12290 4935 25779 20670 119 321 167500 84965 193923 173473 62158 5 238 3 903 
Density (km/thousand km?) 1990-91 f 95 33 872 488 287 88 188 155 340 269 67 11 1 


Notes: 

Figures may not add due to rounding. 

1. Values in 1986 include estimates of non-inventoried forest land. 

2. Cropland in this definition excludes no-till and permanent cropland areas such as tree fruit orchards. 

3. Canada figures includes 14 743 km under federal jurisdiction. 

Sources: 

a. Statistics Canada, Canada Year Book 1994, Cat. No. 11-402, Ottawa, 1994. 

b. Statistics Canada, National Accounts and Environment Division. 

c. Natural Resources Canada, Canada's Forest Inventory, 1986, Ottawa, 1987. 

d. Natural Resources Canada, Canadian Forest Service, Canadian Council of Forest Ministers, Compendium of Canadian Forestry Statistics 1993, Ottawa, 1994. 
e. Environment Canada, State of the Environment Directorate, National Conservation Areas Database, 1 993. d 
f. Transportation Association of Canada. 
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Table 4 
Selected Statistics on Forestry by Province and Territory, 1986-1992 
Year Canada Nfld. REE N.S. N.B. Que. Ont. Man. Sask. Alta. B.C. Yukon’ —N.W.T.! 
Total production? (million $) 
1986 5 775.5 95.4 0.6 147.2 365.3 1 096.4 1015.0 53.7, 91.4 114.2 2 796.2 -- 
1987 7 538.3 107.7 -- 173.5 439.1 1 441.4 1146.9 74.7 107.3 138.8 3 907.3 -- 
1988 8 061.9 122.1 es) 203.9 546.8 1 540.3 1 201.0 68.7 119.1 152.7 4 105.5 0.6 
1989 8 696.8 132.0 2.0 203.9 603.4 1 732.9 1 290.5 72.9 122.4 183.9 4 351.7 1.4 
1990 8 113.8 135.9 2.6 196.2 557.9 1 649.3 1 168.4 78.9 102.6 203.4 4017.7 0.9 
1991 7 702.0 132.6 3.3 198.2 492.2 1 520.6 1 092.6 61.7 78.3 273.4 3 848.5 0.6 
1992 8 358.5 128.4 faz 220.1 475.1 1 580.7 1 188.3 76.3 99.3 293.9 4 294.3 0.6 
Total roundwood harvested (thousand cubic metres) 
1986 177 190 2 408 424 4 004 8 720 38 127 30 186 1 703 3 529 10 387 77 503 199 
1987 191 684 2 524 479 4789 7 869 39 503 29 692 1 887 3 666 10 496 90 591 188 
1988 190 615 2513 475 5 039 9199 39 381 29 338 1 883 3818 11 990 86 807 172 
1989 188 254 2535 416 4772 9 281 36 192 29 642 1 848 3.685 12 293 87 414 176 
1990 162 947 2 876 448 4639 8 824 30 524 25 421 1 563 2 758 11911 73 861 82 40 
1991 161 511 2 680 452 4 322 8 643 29 595 23 828 1 278 2957 12 926 74 706 79 47 
1992 170 306 2 821 510 4 248 9 205 31171 24 287 1 598 3 081 14 594 78 579 162 50 
Area harvested (hectares)? 
1986 971 813 17 440 2 350 34 121 86 898 297 616 223 517 11 128 19 356 38 811 239 877 299 400 
1987 1 050 850 18 940 2725 42 266 88 976 329 300 228 464 12 362 25 742 40 248 259 982 1172 672 
1988 1 086 100 19 628 2731 41 421 99 192 337 668 237 188 12 378 22 089 42 538 270 401 465 399 
1989 1017 820 19 449 2 421 36 733 90 144 342 231 230 308 12 205 22 281 41 688 218 384 1554 450 
1990 920 827 22 100 2317 39 310 80 109 282 470 238 213 10 349 16 538 47 200 181 530 366 325 
1991 857 162 20 584 2091 37 566 91916 236 815 199 719 8518 17 522 47 960 192 654 350 467 
1992 933 177 18 931 2550 33 932 103 355 283 124 190 677 11414 18 471 48 100 221 599 639 405 
Area burned - stocked timber-productive forest land? (hectares) 
1986 311 367 23 511 85 268 37 216 173 296 50 598 5 495 4031 1 587 9 474 3 132 11 
1987 306 516 10 622 16 312 895 27 849 5 461 84 266 129 332 24 295 22 308 1 150 10 
1988 639 777 7 2 89 1778 273 066 35 994 295 930 24 187 5 149 3 284 288 3 
1989 3 877 390 2651 2 159 280 2 108 210 4 990 1539 180 137 404 2994 11 089 70 439 
1990 281 831 2601 4 477 5 198 76 825 3 200 6 727 71 198 21 281 52 575 16 704 
1991 375 131 9576 23 1 022 2732 101 306 5 025 55 266 118 849 2 222 16 658 61 228 
1992 = 1015 8 805 4 668 24 298 10 331 187 890 12 798 1 006 se 3 785 
Area seeded and planted (hectares) 
1986 334 918 802 863 9 160 20 517 64 888 94 782 4146 4 482 19 539 115 739 - 
1987 430 456 5 604 1 092 9 880 18 916 92 437 101 468 5721 3110 23 226 169 002 - 
1988 459 865 4 468 1077 11 655 19 123 99 880 111 251 7 061 7 020 28 845 169 485 - - 
1989 476 440 4691 744 9 760 20 272 103 230 118 256 8 264 6 106 30 807 174 310 - - 
1990 508 608 3 548 833 11 255 22 148 104 369 107 861 6 282 6012 37 052 209 168 80 
1991 505 689 2 891 1 032 8 198 19 529 99 590 120 627 8 041 6 545 39 775 199 422 39 
1992 463 364 3531 1161 7 502 16 526 96 897 96 259 7 142 6 404 42 973 184 922 45 2 
Notes: 


One square kilometre contains 100 hectares. 

1. Data for Northwest Territories included in data for Yukon when not available separately. 

2. Total production is the value of shipments of the logging industry. 

3. Canada total includes areas burned in National Parks. 

Sources: 

Statistics Canada, Canadian Forestry Statistics, Cat. No. 25-202, Ottawa, various issues. 

Natural Resources Canada, Canadian Forests Service, Canadian Council of Forest Ministers, Compendium of Canadian Forestry Statistics 1993, Ottawa, 1993. 
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Table 5 
Nominal Catches and Landed Values of Fish by Species and Region, 1992-1993 
1992! 1993! 
Atlantic coast Pacific coast Canada Atlantic coast Pacific coast Canada 
Species Quantity” Value __Quantity* Value __ Quantity? Value __ Quantity? Value __Quantity* Value _ Quantity? Value 
thousand thousand thousand thousand thousand thousand 
tonnes dollars tonnes dollars tonnes dollars tonnes dollars tonnes dollars tonnes dollars 
Groundfish 
Cod? 186 522 152 023 10 111 5519 196 633 157 542 71 889 59 936 7 700 4377 79 589 64 313 
Haddock 21 947 30 204 - - 21 947 30 204 13 131 20 997 - - 13 131 20 997 
Redfish 97 990 27 706 24 752 18 252 122 742 45 958 77 734 21070 22 527 16 031 100 261 37 101 
Halibut 1573 7 233 4 289 20 206 5 862 27 439 1 482 6979 5 688 27 000 7170 33 979 
Flatfishes 48 500 29 245 7 802 5 728 56 302 34 973 38 597 23 659 9 341 6712 47 938 30 371 
Turbot 22 454 19 255 3 545 863 25 999 20 118 18 909 16 153 3 932 1 002 22 841 17 155 
Pollock 34 056 24 007 3 006 911 37 062 24918 21970 12 370 5 744 1 877 27 714 14 247 
Hake* 38 293 17 735 97 197 16 025 135 490 33 760 35 388 22 146 62 509 8 664 97 897 30 810 
Cusk 5 077 4271 - - 5077 4271 2948 2 347 - - 2 948 2347 
Catfish 1 282 385 - - 1 282 385 1 003 283 - - 1003 283 
Other 3641 1 687 8 954 26 339 12595 28 026 3 583 1 281 9 127 23 325 12710 24 606 
Total 461 335 313 751 159 656 93 843 620 991 407 594 286 634 187 221 126 568 88 988 413 202 276 209 
Pelagic and other finfish 
Herring 215 384 27 799 34 531 46 369 249 915 74 168 194 126 24 572 40 669 67 999 234 795 92 571 
Mackerel 25 874 7 070 - - 25 874 7070 26 124 7 208 - - 26 124 7 208 
Tuna 494 7 468 309 789 803 8 257 524 5 678 322 755 846 6 433 
Alewife 3441 2 237 - - 3441 2 237 5 680 1 306 - - 5 680 1 306 
Eel 742 1 990 - - 742 1990 393 1 650 - - 393 1650 
Salmon 283 1 095 64 856 161 284 65 139 162 379 134 625 81 743 189 338 81 877 189 963 
Skate 491 78 259 52 750 130 293 47 224 38 517 85 
Smelt 874 775 1 2 875 777 889 923 1 3 890 926 
Capelin 30 966 4813 - - 30 966 4813 47 441 13 409 - - 47 441 13 409 
Other 4001 13 936 3 348 1 800 7 349 15 736 5 427 18 739 886 797 6 313 13 409 
Total 282 550 67 261 103 304 210 296 385 854 277 557 281 031 74 157 123 845 258 930 404 876 326 960 
Shellfish 
Clams 16 804 15 360 4033 18 623 20 837 33 983 24 081 24 530 3 582 27 980 27 663 52510 
Oysters 600 992 5 000 4 000 5 600 4992 621 1 193 5 250 4 200 5 871 5 393 
Scallop 91 315 99 646 - - 91315 99 646 88 586 115 718 - - 88 586 115 718 
Squid 1 352 366 - - 1352 366 2701 568 - - 2701 568 
Lobster 41 560 313 968 - - 41 560 313 968 40 098 293 718 - - 40 098 293 718 
Shrimps 39 241 81 241 3 505 10 864 42 746 92 105 38 037 81 299 4 262 12 140 42 299 93 439 
Crab 37 861 58 817 2 492 9 336 40 353 68 153 62 611 112 544 6 242 18 550 68 853 131 094 
Other 4 340 4 580 13 831 14 130 _ 18171 18710 3 295 5 025 7 454 10615 10 749 15 640 
Total 233 073 574 970 28 861 56 953 261 934 631 923 260 030 634 595 26 790 73 485 286 820 708 080 
Miscellaneous items® ae 10 530 a 8 230 oe 18 760 17 931 6 271 200 1 060 18 131 7 331 
Total sea fisheries 976 958 966 512 291 821 369322 1268779 1 335 834 845 626 902 244 277 403 422463 1123029 1318 580 
Total inland fisheries eee on = 2 64 907 63 000 ae a = ‘is a 
Grand total 976 958 966 512 291 821 369322 1333 686 1 398 834 845 626 902 244 277 403 422463 1123029 1318 580 
Notes: 


1. Preliminary data. 

2. Quantity in tonnes, live weight. 

3. Pacific cod includes grey cod only. 

4. Hake catches include over-the-side sales to foreign vessels. 

5. Contains marine plants and lumpfish roe. May contain other miscellaneous items. 

Source: 

Department of Fisheries and Oceans Canada, Biological Sciences and Industry Development and Programs Directorate. 
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Table 6 
Reserves of Crude Oil and Natural Gas by Province and Territory, December 31, 1986-1993 
Eastern Eastcoast Mainland Mackenzie Delta/ Arctic 
Year Canada Canada offshore Ont. Man. Sask. Alta. B.C. _ territories Beaufort Sea Islands 
Crude oil (thousand cubic metres) 
1986 944 411 2 83 000 904 10522 106296 632 743 18 500 27 460 64 950 34 
1987 940 162 2 83 000 794 10485 106 146 631 315 17 013 26 358 64 950 99 
1988 975 148 5 133 000 1311 8838 112838 611 518 17 934 24 610 64 950 144 
1989 937 993 5 138 600 1324 8349 111909 582 531 18 490 22 734 53 950 101 
1990 887 957 5 138 600 1414 8351 116896 530 205 17 566 20 893 53 950 77 
1991 841 302 5 138600 1323 7806 110336 489 959 17 662 21 609 53 950 52 
1992 809 734 5 138 020 1 224 7 144 119 515 452 143 17911 19 748 53 950 74 
1993 800 586 5 137 017 1169 6534 131213 435 003 17 549 17 979 53 950 167 
Natural gas (million cubic metres) 
1986 2745510 141 - 17444 - 61305 1749997 240307 11 636 258310 406370 
1987 2692783 125 - 17949 - 60705 1727725 210327 11 272 258310 406370 
1988 2670545 98 = 18311 - 56283 1688054 210094 11 205 280130 406370 
1989 2732449 90 - 17529 = 74791 1705559 218393 10 987 298730 406370 
1990 2725390 72 - 16903 - 78880 1689884 223638 10 913 298730 406370 
1991 2710869 72 - 16718 - 71182 1678553 229215 10 029 298730 406370 
1992 2671554 71 - 16881 - 70 409 1621875 247335 9 883 298730 406370 
1993 2232 256 111 - 17217 - 80 927 1578959 246957 9 355 298 730 Su 
Notes: 
Figures may not add due to rounding. 
1. Reserves of crude oil in the Arctic Islands are no longer considered as economically recoverable. 
pea Petroleum Association, Statistical Handbook, Calgary, various issues. 
Table 7 
Quantity of Production of Crude Oil and Natural Gas by Province and Territory, 1986-1993 
Eastern Eastcoast 
Year Canada Canada offshore Ont. Man. Sask. Alta. B.C. Yukon N.W.T.! 
Crude oil (thousand cubic metres) 
1986 69 226 -- - 136 823 11 688 53 082 2 020 - 1 478 
1987 71 823 -- 4 136 782 12 078 55 170 2 084 - 1570 
1988 74 495 - - 191 769 12 168 57 653 1 882 - 1 833 
1989 70 977 - - 244 723 11 633 54 605 1 888 - 1 884 
1990 70 179 = - 247 738 12 431 52 973 1 926 - 1 864 
1991 69 362 - - 235 713 12 390 52 085 2013 - 1927 
1992 71 898 - 576 224 656 13 355 53 175 2 033 - 1 878 
1993 75 233 - 1016 253 635 14.939 54 548 2 004 - 1 838 
Natural gas (million cubic metres) 
1986 91 667 1 - 504 - 2 204 80 303 8 374 - 282 
1987 99 490 1 - 508 - 2751 86 259 9 724 - 249 
1988 114 135 : = 509 = 4 156 98 577 10 687 - 205 
1989 118 706 - - 492 - 5 506 99 747 12 788 - 171 
1990 121 696 - - 449 - 6 552 102 748 11 800 . 147 
1991 129 596 - - 428 - 7 172 106 851 14712 - 434 
1992 143 205 - - 427 - 7 030 118 895 16 134 506 213 
1993 155 030 - - 411 - 7 372 129 129 17 399 491 228 
Notes: 
Figures may not add due to rounding. 
1. From 1986 to 1991, production data for the Yukon and N.W.T. are reported together under the N.W.T. 
orl Canada, The Crude Petroleum and Natural Gas Industry, Cat. No. 26-213, Ottawa, various issues. 
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Table 8 

Selected Metal Reserves by Province and Territory, December 31, 1986-1992 
Year Canada Nfld. N.S. N.B. Que. Ont. Man. Sask. Alta. B.C. Yukon N.W.T. 

Copper (thousand tonnes) 
1986 13 331 - 62 330 623 6 260 492 5 - 5 560 - . 
1987 12 939 - 62 311 806 6 103 475 5 - 5177 : : 
1988 12 693 - 34 302 838 5 866 515 5 - 5 133 : - 
1989 12 258 - 21 471 844 5514 519 2 - 4 889 - - 
1990 11 203 - "1 375 775 5 050 538 - - 4454 - - 
1991 11.115 - = 238 1601 4695 422 3 G 4156 - - 
1992 10 818 - - 234 1503 4.960 421 - - 3 699 - - 


I 
Nickel (thousand tonnes) 


1986 6 704 - - - - 4 908 1796 - - - - - 
1987 6 605 - - - - 4 822 1 784 - - - - - 
1988 6 279 - - - - 4 546 733 - - - - - 
1989 6 132 - - - - 4461 1672 - - - - - 
1990 5 792 - - - - 4 208 1 584 - - - - - 
1991 5 691 - - - - 4 162 1529 - - - - - 
1992 5 605 - - - - 4 160 1 445 - - - - - 
Lead (thousand tonnes) 
1986 7 167 - - 3648 - 133 25 -- - 1 256 1275 831 
1987 6 694 - - 3551 - 104 25 -- - 1 180 1212 621 
1988 6 969 - - 3 482 - 101 20 - - 1071 1755 540 
1989 6941 - 68 3 839 9 100 17 - - 999 1 404 506 
1990 6 317 - 29 3 383 28 94 13 - - 957 1358 456 
1991 4954 - - 2 463 23 63 9 - - 908 1093 397 
1992 4 348 - - 2 264 20 53 11 - - 786 856 358 
Zinc (thousand tonnes) 
1986 22 423 58 104 8 964 987 3972 641 1 - 2516 1958 3 222 
1987 20 636 95 104 8 736 897 3 454 612 1 - 2 435 1765 2 538 
1988 21 116 36 60 8575 836 3 265 1016 2 - 2 270 2816 2 239 
1989 21 688 16 160 9704 1414 2 999 1 084 1 - 1934 2 250 2126 
1990 20 091 - 76 8 700 1 224 2 689 1145 - - 1942 2419 1 897 
1991 16 448 - - 6 156 nee 2213 887 4 - 1 889 1957 1 609 
1992 15 067 - : 5 738 1710 1819 938 - - 1 835 1 502 1524 
Silver (tonnes) 
1986 26 694 - - 9 759 1 506 6 893 721 2 - 5 838 1849 126 
1987 25 648 - - 9 699 1501 6 057 729 2 - 5 621 1 896 143 
1988 26 959 - - 9 933 1 200 5 802 812 3 - 6 140 2 943 127 
1989 26 790 4 - 10 761 1 620 5 504 787 1 - 5 624 2 349 141 
1990 23 227 4 - 9 498 1311 5 027 757 1 - 4 162 2339 127 
1991 19 069 2 - 7 003 2074 4 422 654 3 - 2 838 1953 121 
1992 16 300 3 - 6 456 2 008 4 106 398 - - 2 098 1119 113 
Gold (tonnes) 
1986 1 496 43 - 72 229 882 40 2 - 163 Us 57) 
1987 1727 41 - 59 297 998 58 1 - 167 13 91 
1988 1914 38 2 74 373 1017 50 7 - 172 40 142 
1989 1748 41 1 69 352 951 40 4 - 124 29 136 
1990 1548 39 - 59 343 812 34 13 - ile 26 105 
1991 1 443 27 - 46 342 766 29 14 - 103 24 95 
1992 1 367 27 - 42 319 746 29 2 - 88 18 97 
Note: 
Figures may not add due to rounding. 
Source: 


Natural Resources Canada, Canadian Minerals Yearbook, Review and Outlook, Ottawa, various issues. 
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Table 9 


Production of Selected Metals by Province and Territory, 1986-1994 


Year 
Copper (tonnes) 1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 


Canada 
698 527 
794 149 
758 478 
704 432 
771 433 
780 362 
761 694 
709 650 
583 271 


Nfld. 


N.S. 


x 


N.B. 

6 298 
7 233 
7 966 
7 802 
8 620 
10 476 
13 697 
11 190 
7 566 


Que. 


51 622 
66 848 
47 633 
65 135 
99 198 
113 931 
91 950 
78 973 
65 597 


Ont. 


264 870 
287 354 
286 536 
271914 
273 448 
261 899 
272 242 
277 461 
225 066 


Man. 


65 369 
66 121 
53 072 
50 484 
55 506 
54 875 
60 024 
56 502 
40 863 


Sask. 
3 506 
2 335 
2 168 

x 
x 


xX 


Alta. 


B.C. 
306 855 
364 134 
360 570 
308 348 
333 883 
338 642 
323 781 
285 293 
243 579 


Yukon 
6 
x 


x 


N.W.T. 


a 


Nickel (tonnes) 1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 


163 639 
189 086 
198 744 
195 554 
195 004 
188 098 
177 555 
178 529 
144 323 


121 851 
130 171 
128 558 
130 632 
128 828 
125 790 
118 860 
125 833 
113 648 


41 788 
58 915 
70 186 
64 922 
66 176 
62 309 
58 695 
52 696 
30 675 


A 


Lead (tonnes) 1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 


334 342 
373 215 
351 148 
268 887 
233 372 
248 102 
339 626 
183 105 
166 420 


66 590 
66 485 
74 543 
65 180 
56 244 
51 957 
80 885 
72 108 
72 422 


6 288 
6 092 
2 485 
1074 

x 


x 


1 365 
1755 
2 286 
1 487 
1933 

422 


91 947 
57 078 
105 103 
67 006 
19 312 
63 385 
81591 
52 030 
57 518 


35 091 

x 
117 058 
94 529 
104 181 
93 912 
135 688 
27 857 


133 836 
131 744 
51 502 
39 734 
46 588 
35 388 
39 141 
29 178 
36 058 


a 


Zinc (tonnes) 1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
Silver (tonnes) 1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
Gold (kilograms) 1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 


Note: 
Figures may not add due to rounding. 
Sources: 


988 173 

1 157 940 
1 370 000 
1 272 850 
1 179 370 
1 083 010 
1 195 740 
990 727 
961 405 

1 088 

1 475 

1 443 
1312 
1381 

1 261 

1 169 
879 


102 899 
115 818 
134 813 
159 494 
167 373 
175 282 
160 351 
153 129 
145 156 


5712 
7 643 
31 817 
27 362 
16 463 


161 807 
180 298 
261 089 
201 550 
233 933 
209 790 
301 020 
303 985 
273 000 
163 
182 
203 
191 
145 
158 
254 


37 126 
91 139 
82 031 

100 638 

120 599 

117 404 

107 466 

131 852 

141 708 

62 

163 
140 
148 
164 
164 
143 
143 
134 

28 342 
29 543 
33 538 
36 966 
40 675 
51923 
44 589 
41 843 
40 936 


265 248 
294 309 
326 698 
266 158 
276 110 
213 599 
190 523 
179 049 
158 487 
348 
441 
434 
349 
330 
294 


61 463 
63 551 
53 746 
72 096 
77 507 
88 486 
89 211 
89 658 
93 580 
37 
41 
32 
36 
41 
43 


<x «- «KX KX KX KX ND WwW 


Statistics Canada, General Review of the Mineral Industries, Mines, Quarries and Oil Wells, Cat. No. 26-201, Ottawa, various issues. 


Statistics Canada, Canada's Mineral Production, Preliminary Estimates, Cat. No. 26-202, Ottawa, various issues. 


Environmental Perspectives 


Statistics Canada - Cat. No. 11-528E, No. 2 


137 583 
114 117 
142 833 
119 376 
59 346 
125 980 
133 149 
107 457 
113 899 
380 

401 
447 
498 
598 
497 


50 634 
147 045 
143 939 
154 709 
168 846 
149 487 
202 304 

35 204 


265 073 
258 070 
325 321 
329 001 
218 241 
173 154 
171 481 
143 521 
180 730 
22 
13 
26 
18 
19 
We 
16 
11 
Uz 
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Table 10 
Value of Mineral Production, 1986-1994 
Year Canada Nfld. PELL. N.S. N.B. Que. Ont. Man. Sask. Alta. B.C. Yukon N.W.T. 


million dollars 


1986 32 446 817 2 367 502 2191 4 825 764 2525 16 331 3 160 176 788 
1987 36 361 743 3 407 624 2 780 5 652 1 000 3151 17 080 3615 437 870 
1988 36 955 865 2 446 911 2712 6 895 1 627 3 043 15 062 3 943 492 957 
1989 39 333 897 2 442 859 2 878 7 308 1 668 3017 16 456 4123 534 1149 
1990 40778 866 3 459 878 3 037 6 446 1311 3 183 19 110 3 954 542 988 
1991 35 190 772 3 460 671 2 930 5 101 1125 2 863 16 373 3 840 349 703 
1992 35 414 706 2 523 910 2694 4776 1 082 3 158 16 885 3 500 496 681 
1993 36 564 699 1 558 772 2692 4535 862 3 238 18 925 3 538 140 603 
1994 39 884 796 1 610 814 2 804 4 866 775 4 064 20 436 3 949 81 689 


Note: 
Figures include the shipments of fuels, metals and structural materials of all establishments in Canada, regardless of their industrial classification. 


Source: 
Statistics Canada, Canada's Mineral Production, Preliminary Estimates, Cat. No. 26-202, Ottawa, various issues. 


Table 11 
Selected Statistics on Energy by Province and Territory, 1986-1993 
Yukon and 

Year Canada Nfld. PEI. N.S. N.B. Que. Ont. — Man. Sask. Alta. B.C. N.W.T. 

Production (petajoules) 
1986 9736.4 141.0 - 82.7 44.7 530.0 410.3 117.7 693.3 6486.5 1 152.0 URE 
1987 102504 136.1 - 83.6 41.2 566.4 400.3 99.8 732.0 6852.5 1 262.6 75.9 
1988 11175.4 143.0 - 101.9 43.6 537.8 421.4 85.2 820.7. 7577.3 1 359.5 85.0 
1989 11349.7 118.1 = 103.6 41.6 518.0 424.1 94.0 845.9 7637.6 1 482.0 84.7 
1990 113926 125.0 - 101.6 46.7 482.4 402.2 100.1 901.1 7 669.7 1 478.7 85.2 
1991 11789.0 127.5 = 121.8 43.8 §12.9 436.6 108.8 887.3 7869.0 1 588.6 92.6 
1992, 12:217.5 125.6 ee 39.0 Soviet 421.6 120.6 969.2 8388.3 1394.1 100.3 
1993 129952 141.2 Se Kore 40.7 557.0 461.6 121.4 1021.1 8 893.2 1 553.3 98.0 

Total domestic consumption! (petajoules) 
1986 7844.6 129.7 17.5 221.6 (75:7 VA21:5 >) 27700:6  240:7, 408.0 1 769.4 725.6 34.2 
1987 8070.2 137.8 19.2 227.8 190.1 1444.4 2771.4 234.4 420.7 1 824.8 768.2 Skea 
1988 8585.6 143.2 20.55 236.5 214.6 1540.1 2919.7 260.0 454.7 1 943.3 821.1 31.9 
1989 8947.0 155.6 22.2 243.4 2344 15744 3033.7 260.6 460.0 2053.6 877.9 Sie 
1990 8590.8 156.1 22:5 24312 2256) 15211482) 785:3 207.0 457.3 2019.2 871.1 31.6 
1991 8515.6 145.7 per) pki) eG) ace earache) basis) 443.9 2042.2 855.6 31.0 
1992 8756.7 142.8 21,9) 243:4 9 228:3 eel) 523.8 ee OOO en 2or.8 513.9 2084.2 849.1 32.5 
1993 8830.5 142.8 22:4" (2423 22337 15555 2828.4 263.1 S200 ane 897.1 33.0 

Consumption per capita (gigajoules) } 
1986 299.4 2244 135.9 2484 241.4 Atel 285.0 220.0 395.0 725.6 240.2 426.4 
1987 304.0 239.0 148.8 2542 260.2 212.2 286.2 213.0 405.9 746.8 250.7 388.8 
1988 319.2 2485 158.1 2627 292.7 224.5 295.4 235.4 440.7 789.0 262.5 393.3 
1989 326.8 269.5 170.0 2684 317.6 226.6 298.9 235.6 449.7 820.0 273.6 379.1 
1990 309.1 269.6 171.8 2665 303.6 216.7 269.3 232.3 452.4 789.9 264.0 375.3 
1991 302.8 251.1 169.0 257.2 296.1 208.1 266.2 229.9 441.1 785.1 253.2 360.0 
1992 306.8 2446 166.4 263.1 303.1 213.0 268.6 230.5 509.6 786.8 244.1 371.9 
1993 305.1 244.4 168.2 260.2 295.9 215.2 261.6 233.7 513.9 782.0 251.0 374.1 


i ae UL A Ue ee 
Notes: 

1. Domestic consumption data are equivalent to gross availability data in Statistics Canada Cat. No. 57-003. 

2. Includes consumption of energy commodities for non-energy purposes. 

Source: 

Statistics Canada, Quarterly Report on Energy Supply-Demand in Canada, Cat. No. 57-003, Ottawa, various issues. 
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Table 12 
Federal Government Environmental Protection Expenditures, 1986-1994 


1986 1987 1988 1989 1990 1991 1992 1993! 1994! 
thousand dollars 
Pollution abatement and control 


Sewage collection and disposal = = : = > : 150 275 - 
Pollution control 61 983 67 297 87 142 113 085 118 855 20 221 4 329 1 004 5 870 
Other environmental services 383 744 430 794 442 869 497 185 571 471 682 955 709 679 749 906 929 389 
Total? 445 727 498 091 530 011 610 270 690 326 703 176 714 158 751 185 935 259 
Natural resource conservation and development 
Agriculture 3238420 4720870 3614210 3011500 2592670 4622130 3237910 2881500 2436520 
Fish and game 388 334 328 401 393 464 402 070 470 382 483 973 693 646 692 158 573 942 
Forests 224 701 660 250 311776 284 463 215 421 206 653 236 048 237 655 225 869 
Mines, oil and gas 1 094 980 708 981 767 246 365 551 383 426 325 310 321 573 497 388 568 992 
Other resource conservation and development 702 999 650 481 707 769 760 003 725 538 623 016 620 308 591 718 522 337 
Total 5649440 7068990 5794460 4823590 4387440 6261080 5109490 4900420 4327 660 
Notes: 


Figures may not add due to rounding. 

Includes transfer payments to other levels of government. 

1. Estimates. 

2. There are no federal government expenditures on waste collection and disposal. 
Source: 

Statistics Canada, Public Institutions Division. 


Table 13 
Provincial, Territorial and Local Government Environmental Protection Expenditures’, 
Selected Years 


Year Canada Nfld. REI N.S. N.B. Que. Ont. Man. Sask. Alta. B.C. Yukon N.W.T. 
thousand dollars 
PROVINCIAL AND TERRITORIAL GOVERNMENTS 
Pollution abatement and control 


Sewage collection and disposal? 


1988 77 526 - 2018 - 9 663 - - 3594 - - 61 156 - 1 094 
1989 72 412 - - 720 9 554 - - - - - 59 729 2 409 
1990 75 327 - - 127 9 367 - - - 95 - 63 557 2 181 - 
1991 100 597 - - 92 8 191 - = = 64 - 89 873 2377 = 
Waste collection and disposal 
1988 54 022 330 2 098 2 878 3 899 - 27 488 2039 - 262 15 028 - - 
1989 114 495 163 2 150 8 817 4579 - 36 648 5 481 - 31 029 25 425 202 - 
1990 125 943 296 2 268 12 546 5 850 - 50 234 5 415 - 38 515 10 673 158 - 
1991 160 863 261 3170 12 672 5 907 - 73 066 6 493 8 40 108 18 975 202 - 
Pollution control 
1988 226 639 2754 128 - 9 320 23 766 134 829 263 4009 47 997 2 885 - 689 
1989 280 066 3679 113 4601 13 802 19 820 188 239 393 4314 40 973 3 437 32 662 
1990 296 300 2559 176 5 312 13 834 - 202 993 399 29 465 40 754 ih 8 789 
1991 341 901 2 956 348 6 103 18 420 - 240 212 746 29 730 42 626 - - 759 
Other environmental services 
1988 164 641 - 1644 3 222 1 247 56 377 4 269 8 586 67 188 21 142 - - 966 
1989 202 524 1525 2585 15 722 1 840 74 925 4 530 8 537 71 500 7 813 12 936 500 111 
1990 379 501 1 848 3117 18 029 6 045 147 799 19 907 9 351 74 464 10 096 88 402 444 - 
1991 465 220 1 822 3012 18 437 17 624 157 476 20 832 10 100 121 699 11 787 101 778 589 62 
Total pollution abatement and control 
1988 522 828 3 083 5 887 6 101 24 129 80 143 166 586 14 482 71 197 69 401 79 069 - 2748 
1989 669 496 5 367 4848 29 861 29 776 94 745 229 416 14 410 75 814 79 815 101 527 3143 774 
1990 877 071 4703 5 561 36 014 35 096 147 799 273 124 15 165 104 023 89 365 162 642 2790 789 
1991 1 068 580 5 039 6 530 37 304 50 143 157 476 334 111 17 339 151 500 94 521 210 627 3 168 821 


ct oe a i ee a ee ee 
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Table 13 
Provincial, Territorial and Local Government Environmental Protection Expenditures’, 
Selected Years (Continued) 


Year Canada Nfld. PEL N.S. N.B. Que. Ont. Man. Sask. Alta. B.C. Yukon N.W.T. 
thousand dollars 


Natural resource conservation and development 


Agriculture 
1988 2726916 16943 31592 42 838 25 308 654 287 340495 242983 636 169 636 311 99 634 346 10 
1989 2834 386 18629 34309 40 853 30 577 638 860 329100 278030 611 185 755 443 97 062 326 11 
1990 2901 736 18095 33405 42 658 36 413 717 880 416 988 177 629 631 442 720 653 106 207 347 18 
1991 4 168 575 15108 42418 39 741 39 284 835 784 466226 473086 1119 182 1 033 826 103 331 485 104 
Fish and game 
1988 302 864 43 445 3313 10713 14 830 87 862 63 249 6 797 5 593 25 668 28 889 6 008 6 496 
1989 342 942 50 158 3 363 8 562 27 608 95 092 70 067 10 403 6 876 27 198 29 529 6 462 7 624 
1990 349 733 46 291 3742 6 903 23 905 111 413 77 668 9 686 9 621 28 907 16 338 7314 7 943 
1991 338 934 34 140 4 066 7 628 21611 99 392 85 151 8 538 10 819 31 457 22 125 5 796 8212 
Forests 
1988 1 247 665 25 560 5 120 42 272 26 773 288 803 284 927 13 670 11 748 113933 416771 10 18 079 
1989 1 394 897 29 767 5 739 80 212 21 765 292 842 266 760 15 699 69 916 111643 468092 788 31 674 
1990 1413677 31 032 6 603 51 736 26 445 298 177 286 626 14 035 50 442 143210 481294 875 23 202 
1991 1 537 011 26 602 6 722 50 064 30 629 310 061 293 912 12 483 81 156 126 184 571 995 848 26 356 
Mines, oil and gas 
1988 977 089 12 456 - 14 436 3 483 79 996 36 437 10 753 17 268 704 543 54 875 1 690 41 153 
1989 1340073 13 385 - 9741 3 229 76 756 41 753 10 203 379 331 707 789 48 868 3 037 45 983 
1990 990 898 19 744 - 10 640 3 886 81 812 41 592 9 782 126 073 603 688 44 376 1271 48 031 
1991 1 167 788 42 329 - 11 567 2 871 78 486 41 690 10 950 316 613 531 617 81 028 1331 49 308 
Other resource conservation and development 
1988 837 672 4 470 5 101 4 834 28 103 76 748 212 819 52 283 22 579 366 462 45 786 9 101 9 386 
1989 860 072 3711 6979 5 454 35 271 80 178 224 993 74 531 26 831 269 099 110 895 5 568 16 562 
1990 764 131 4311 6 131 5 053 33 160 79 882 263 859 49 141 22 768 212 998 61 890 § 513 19 424 
1991 806 594 3 804 5 562 9 369 29 465 65 955 313 445 32 752 22 042 213 629 83 369 6 534 20 668 
Total natural resource conservation and development 
1988 6092 206 102874 45126 115 093 98 496 1 187 696 937927 326 485 693 357 1846917 645955 17 156 75 124 
1989 6772370 115650 50390 144 823 118 450 1 183 728 932672 388 865 1094 139 1871171 754447 16180 101 855 
1990 6420174 119472 49881 116 991 123 809 1 289 165 1086734 260274 840 347 1709458 710105 15321 98 618 
1991 8 018 902 121983 58768 118 368 123 860 1 389 678 1200424 537 809 1549 811 1936712 861848 14994 104 648 
Parks? 
1988 192 326 7 207 3 040 4652 8 905 29 730 51 609 17 516 3749 35 820 30 086 11 - 
1989 227 059 6 458 3 293 15 289 9575 30 048 57 660 ize Wey/ 16 402 33 074 37 243 861 - 
1990 225 968 6 442 3 663 7 186 10 053 31 707 66 482 18 278 17 072 33 020 31 500 565 - 
1991 204 713 6 644 3 654 6 838 9 450 32 569 57 214 16 374 15 449 27 559 28 550 412 - 
LOCAL GOVERNMENTS? 


Pollution abatement and control 
Sewage collection and disposal 


1986 1138020 15 870 1 861 19 523 27 222 298 598 448 513 55 779 34 313 116 101 114 158 1 234 4851 
1987 1208600 19 216 1797 25 389 31 212 287 120 476 460 39 115 35 169 130 956 152 517 1078 8573 
1988 1413610 19 426 1796 38 941 30 740 377 887 597 643 40 072 36 301 118 368 142 171 1 483 8781 
1989 1734760 19 028 1945 31 176 30 702 531371 723 837 49 106 41 358 138 229 154 934 1 061 12 009 
1990 2002000 24951 2 165 38 281 40 240 659 991 778 073 52 055 42 458 161 963 185 334 2074 14412 
1991 1954 270 19 420 2 580 63 118 42 898 537 628 838 006 55 495 37 362 146 430 192 799 4216 14 320 
1992 2126730 21655 2703 43 063 44 067 502 636 924 897 95 831 42 765 199254 230974 5 980 12 900 
1993 2236 360 20 064 2517 62 161 39 313 601 071 853 683 67 825 54 572 198465 314877 6 218 15 591 
Waste collection and disposal 
1986 627 753 12 110 549 We See 6514 143 005 267 841 19 445 16 066 47 835 93 584 799 2 633 
1987 714 493 11 264 480 46 967 8 229 154 344 297 685 21 613 20 583 50 148 99 156 488 3 536 
1988 817 079 10576 497 21941 9 824 178 308 391 866 24 526 17 841 53 813 103 199 625 4063 
1989 935 818 11915 581 24 059 12 156 195 986 462 601 26 080 16 766 58 925 122 472 580 3 697 
1990 1125910 12 044 612 31 928 13 305 223 016 584 145 25 682 17 595 66 592 146 467 640 3 879 
1991 1 228 220 14 183 667 41172 14 825 267 306 607 933 26 043 17 993 72 961 160 562 684 3 893 
1992 1389770 12 438 906 42 751 14 638 314 984 670 971 35 925 21013 91 831 178 296 939 5 082 
1993 1406330 12 784 938 47 958 15 789 346 162 655 612 31 268 20 222 89 196 179 247 950 6 204 
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Table 13 
Provincial, Territorial and Local Government Environmental Protection Expenditures’, 
Selected Years (Concluded) 


Year Canada Nfld. RE N.S. N.B. Que. Ont. Man. Sask. Alta. B.C. Yukon N.W.T. 
thousand dollars 


Other environmental services® 


1986 76 909 5 - 200 - 33 978 39 960 471 58 163 2 058 - 16 
1987 87911 14 139 60 514 35 427 48 508 514 124 264 2 331 - 16 
1988 75 200 14 151 107 404 32 988 37 769 676 193 273 2614 - 11 
1989 82615 11 160 225 15 31 674 45 901 668 225 204 3514 - 18 
1990 82 331 6 176 286 1 854 32 024 43 182 733 274 - 3 695 : 101 
1991 80 949 4 183 1 332 1 844 18 387 54 307 884 205 - 3 742 1 60 
1992 92 083 310 192 1 304 1 547 20 411 61518 515 302 449 4995 515 25 
1993 97 558 4 196 14 1 586 34 887 54 168 530 ee 273 4 159 - 19 

Total pollution abatement and control 
1986 1842690 27 985 2410 37 095 33 736 475 581 756 314 75 695 50 437 164099 209800 2 033 7 500 
1987 2011010 30 494 2416 72 416 39 955 476 891 822 653 61 242 55 876 181 368 254 004 1 566 12 125 
1988 2305890 30 016 2 444 60 989 40 968 589 183 1 027 280 65 274 54 335 172454 247984 2 108 12 855 
1989 2753190 30 954 2 686 55 460 42 873 759 031 1 232 340 75 854 58 349 197358 280920 1641 15 724 
1990 3210230 37 001 2953 70 495 55 399 915 031 1 405 400 78 470 60 327 228555 335 496 2714 18 392 
1991 3263 440 33 607 3 430 105 622 59 567 823 321 1 500 250 82 422 55 560 219 391 357 103 4901 18 273 
1992 3608580 34 403 3 801 87 118 60 252 838 031 1657390 132271 64 080 291534 414 265 7 434 18 007 
1993 3740250 32 852 3651 110 133 56 688 982 120 1 563 460 99 623 76 516 287934 498 283 7 168 21814 

Natural resource conservation and development 

Agriculture 
1986 184 946 - - 260 - - 26 166 6517 20 581 127 487 3911 - 24 
1987 170 102 284 < 259 - - 27 041 6 792 20 420 111 012 4 261 - 33 
1988 124 297 36 = 296 - = 20 872 7 247 11 875 79 431 4524 4 2 
1989 163 413 - - 346 3 1912 22 126 7 864 20 632 105 507 4995 WA 11 
1990 156 099 - - 377 - 2 368 19771 8 302 20 735 99 351 5 051 2} 141 
1991 168 376 - - 373 - 2 645 26 245 7 801 25 811 99 764 5 610 6 121 
1992 146 683 24 o 345 3 - 24 302 8521 18 038 88 258 7 118 42 32 
1993 139 388 25 - 346 52 40 14 492 8776 18 215 90 055 7 309 44 34 
Other resource conservation and development 

1986 153 199 139 181 537 2 090 34 051 73 469 8 162 3 750 17 392 13 104 - 324 
1987 196 185 184 190 657 4 730 38 488 108 173 8 868 3 340 9961 21 421 36 137 
1988 225 945 533 148 953 5 273 41 905 119 391 9 888 4 349 8 223 35 204 23 55 
1989 252 980 723 - 1 934 4535 61 826 139 722 9944 3 371 10 815 19 671 100 339 
1990 316 331 789 - 837 4 898 76 782 173 697 11 103 4 050 10 327 33 488 194 166 
1991 328 878 818 = 1 060 4817 84 100 170 408 12 262 8 191 10 157 36 747 186 132 
1992 307 959 788 - 1 357 4 162 52 497 182 251 11 063 4 453 11 336 39 709 222 121 
1993 286 726 811 - 1561 3670 47 311 161 287 11 395 4621 12 355 43 501 125 89 

Total natural resource conservation and development 
1986 338 145 139 181 797 2 090 34 051 99 635 14679 24 331 144 879 17015 - 348 
1987 366 287 468 190 916 4 730 38 488 135 214 15 660 23 760 120 973 25 682 36 170 
1988 350 242 569 148 1 249 5 273 41 905 140 263 17 135 16 224 87 654 39 728 27 67 
1989 416 393 723 - 2 280 4 538 63 738 161 848 17 808 24 003 116 322 24 666 117 350 
1990 472 430 789 - 1214 4 898 79 150 193 468 19 405 24 785 109 678 38 539 197 307 
1991 497 254 818 - 1 433 4817 86 745 196 653 20 063 34 002 109 921 42 357 192 253 
1992 454 642 812 - 1 702 4165 52 497 206 553 19 584 22 491 99 594 46 827 264 153 
1993 426 114 836 : 1 907 3 722 47 351 175 779 20 171 22 836 102 410 50 810 169 123 

Notes: 


Figures may not add due to rounding. 

1. Local government expenditures exclude transfers between municipalities. Provincial/territorial government expenditures include intergovernmental transfer payments. 
2. Some provinces and territories report their sewage expenditures under water supply expenditures, which are not considered as environmental protection expenditures. 
3. Data on expenditures for parks are only available for provincial/territorial governments. 

4. Local government expenditures for 1992 and 1993 are estimated. 

5. Local government expenditures on other environmental services may include expenditures specific to pollution control. 

Source: 

Statistics Canada, Public Institutions Division. 
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Table 14 
Selected Statistics on Population by Province and Territory, Various Years 
Source Canada Nfld. FSi N.S. N.B. Que. Ont. Man. Sask. Alta. B.C. Yukon N.W.T. 
Total population (thousands) 
1981 a 24 900.0 576.5 124.0 856.4 708.4 6 568.0 8 837.8 1 038.5 978.2 2 303.8 2 836.5 24.1 47.9 
1986 a 26 203.8 578.1 128.8 892.1 727.7 6 733.8 9 477.2 1 094.0 1032.9 2 438.7 3 020.4 24.8 55.4 
1991 a 28 120.1 580.3 130.8 917.9 748.5 7 080.6 10 471.5 1112.5 1 006.3 2 601.3 3 379.8 29.1 61.3 
1993 a 28 940.6 584.4 133.2 931.2 756.0 7 228.8 10 813.2 1125.8 1011.9 2 688.1 3 573.9 30.6 63.4 
1994 a 29 248.1 582.4 134.5 936.7 759.3 7 281.1 10 927.8 Wee 1016.2 2716.2 3 668.4 30.1 64.3 
2016! b 39 372.0 606.3 159.4 1 061.9 846.8 8 849.9 15 803.6 1 248.0 979.1 3 955.0 5 704.3 51.6 106.1 
Average annual growth (percent) 
1981 to 1994 c 1.3 0.1 0.7 0.7 0.6 0.8 1.8 0.7 0.3 1.4 2.3 1.9 2.6 
Total fertility rate? 
1990 d 1.8 1.6 1.9 ‘leds 1.6 lee 1.8 2.0 al 2.0 1.8 Paes) 3.1 
Life expectancy (years) 
1981 - Male b 71.9 
Female b 79.0 
1986 - Male b 73.0 
Female b 79.7 - a és ie x = 5 > = 3 3 = 
1990 - Male b 73.7 73.5 74.1 72.9 73.0 73.0 74.0 74.1 74.4 74.1 74.4 70.1 70.1 
Female b 80.8 80.2 81.8 80.3 80.9 80.6 80.7 80.7 81.6 81.2 81.4 76.5 76.5 
Age-standardized mortality rate (deaths per 100 000 population, 1990) 
Male e 641.4 709.8 704.0 689.1 652.7 694.7 627.9 622.7 590.0 611.8 593.8 721.9 837.0 
Female e 454.0 515.1 477.7 487.7 454.6 455.2 457.4 456.6 430.5 429.9 441.4 729.2 594.0 
Infant mortality rate (deaths per thousand live births) 
1981 f 9.6 9:7, 13.2 ize 10.9 8.5 8.8 11.9 11.8 10.6 10.2 14.9 21.5 
1986 f 7.9 8.0 6.7 8.4 8.3 Wal 7.2 9.2 9.0 9.0 8.5 24.8 18.6 
1990 f 6.4 7.8 6.9 Baz, 6.1 5.9 6.3 6.4 8.2 6.7 6.5 10.6 12.2 
Urbanization (percent) 
1991 g 76.6 53.6 39.9 53.5 47.7 77.6 81.8 72.1 63.0 79.8 80.4 58.8 36.7 
Households (thousands) 
1991 g 10 079.4 175.7 44.8 326.5 255.0 2 650.1 3 661.7 407.1 366.1 914.7 1 251.4 10.1 16.3 
19933 h 10 247.0 182.0 47.0 336.0 256.0 2 688.0 3 765.0 387.0 361.0 923.0 1 302.0 
Expenditures on education (million dollars) 
1980 i 22 879.8 467.7 95.2 712.1 532.6 7 151.9 7 814.4 839.1 843.1 1941.3 2 225.1 98.5 158.8 
1985 i 34 579.9 741.1 150.4 1 131.6 877.8 9 441.4 12 070.2 1 424.5 1 390.5 3 602.1 3 241.9 178.1 330.3 
1990 i 48 183.7 1 029.0 195.8 1 473.9 1 198.9 11 869.3 18 147.3 1957.8 1 788.9 4562.4 5 200.1 285.9 474.4 
Land area (thousand square kilometres) 
d 9 215.4 SyAler/ Bhi/ 52.8 We 1 356.8 891.2 548.4 570.7 644.4 929.7 479.0 3 293.0 
Population density (persons per km?) 
1981 c 2.7 1.6 21.9 16.2 9.8 4.8 9.9 1.9 1.7 3.6 3.1 0.1 -- 
1986 c 2.8 1.6 22.8 16.9 10.1 5.0 10.6 2.0 1.8 3.8 3.2 0.1 -- 
1991 c 3.1 1.6 23.1 17.4 10.4 5.2 11.8 2.0 1.8 4.0 3.6 0.1 - 
1993 c 3.1 1.6 23.5 17.6 10.5 5.3 12.1 2.1 1.8 4.2 3.8 0.1 -- 
1994 Cc 3.2 1.6 23.8 17.7 10.5 5.4 12.3 2.1 1.8 4.2 3.9 0.1 -- 
2016 c 4.3 1.6 28.2 20.1 ieee 6.5 WET 2.3 ier 6.1 6.1 0.1 -- 
Notes: 


Figures may not add due to rounding. 

1. Projection 3 - Medium growth. 

2. The total fertility rate is based on the age-specific fertility rates for a particular year and refers to the number of children that each woman would, on average, bear in her lifetime. 
A generation would be replaced if, on average, each woman bore 2.1 children. 

3. The total number of households for 1993 are estimated figures. Estimates are unavailable for the Yukon and North West Territories. 
Sources: 

a. Statistics Canada, intercensal estimates adjusted for net undercount and non-permanent residents. 

b. Statistics Canada, Demography Division. 

c. Statistics Canada, National Accounts and Environment Division. 

d. Statistics Canada, Canada Year Book, 1994, Cat. No. 11-402, Ottawa, 1994. 

e. Statistics Canada, Health Division. 

f. Statistics Canada, Mortality: Summary List of Causes, Cat. No. 84-209, Ottawa, 1993. 

g. Statistics Canada, Census of Population. 

h. Statistics Canada, Household Facilities by Income and Other Characteristics, Cat. No. 13-218, Ottawa, 1993. 

i. Statistics Canada, Financial Statistics of Education, Cat. No. 81-208, Ottawa, various issues. 
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Table 15 


Annex: Environment and Natural Resource Statistics 


a 


Selected Statistics on the Economy by Province and Territory, 1981-1994 


Source Canada Nfld. BREW N.S. 
Gross Domestic Product! (million 1986 dollars) 
1981 a 440127 6 002 1239 10749 
1986 a 505 666 6 970 1567 13239 
1991 a 554735 7 729 772 14197 
1993 a 570541 7 634 1822 14677 
1994 b 596 290 7 803 1934 14864 
GDP per capita (thousand 1986 dollars per person) 
1981 c 17 676 10 411 9992 12551 
1986 ic 19297 12057 12166 14840 
1991 c 19727 13319 13547 15 467 
1993 c 19714 13063 13679 15761 
1994 c 20387 13398 14379 15868 
Average annual real GDP growth 1984-91: Goods producing industries (percent) 
Primary d 1.9 -4.0 -1.8 1.9 
Manufacturing d 1.1 -0.3 5.0 -0.1 
Other goods producing industries d 2.6 0.3 6.7 PETE 
GDP distribution by sector (1991): Goods producing industries (percent) 
Primary d 20.7 24.2 34.6 20.7 
Manufacturing d 51-9 28.4 25.1 43.7 
Other goods producing industries d 27.4 47.4 40.3 35.6 
Personal income per capita (1986 dollars per person) 
1986 a 16 853 11 731 12535 14088 
1991 a 22560 16553 16847 18573 
Passenger automobiles? (thousands) 
1981 f 10 199 142 49 350 
1986 f 11 477 176 56 337 
1991 f 13 061 202 64 426 
1993 f 13 448 207 65 429 
Passenger automobiles per capita (vehicles per thousand persons) 
1981 (o 409.6 246.3 395.2 408.7 
1986 c 438.0 304.4 434.8 377.8 
1991 c 464.5 348.1 489.3 464.1 
1993 c 464.7 354.6 484.8 461.0 
Gasoline sales for automotive purposes (million litres) 
1981 g 30782.5 587.1 Tiras val ale ble 
1986 g 25 859.2 BAS) 165.1 1039.8 
1991 g 31211.6 573.5 168.8 1065.9 
1993 g 32734.9 585.1 174.0 1085.3 
Gasoline sales per capita (litres per person) 
1981 c 12362 1018.4 1381.7 1332.5 
1986 c 986.9 902.8 1281.9 1165.6 
1991 e¢ 1109.9 988.3 1290.2 1161.3 
1993 ce 1131.1 1001.2 1306.4 1165.5 


Notes: 
Figures may not add due to rounding. 


1. The sum of the GDPs of the 12 provinces and territories is not equal to Canada's total GDP because 


2. Includes taxis and for-hire cars. 


N.B. 


8 045 
10 447 
11 263 
11 824 
12 038 


11 357 
14 356 
15 047 
15 640 
15 854 


2.0 
2.2 
3.4 


17.9 
39.4 
42.7 


13 044 
17 778 


252 
286 
312 
324 


355.7 
393.0 
416.8 
429.0 


1 070.8 
914.1 
904.5 
961.1 


1511.6 
1 256.2 
1 208.4 
1 271.3 


Que. 


105 067 
116 536 
126 399 
129 689 
134 684 


15 997 
17 306 
17 851 
17 941 
18 498 


2.2 
1.5 
2.3 


9.6 
61.2 
29.2 


15 774 
20 988 


2379 
2614 
2978 
3070 


362.2 
388.2 
420.6 
424.7 


8 104.6 
6 578.4 
6 823.6 
7 037.7 


1 233.9 
976.9 
963.7 
973.6 


Ont. 


168 820 
204 494 
221 340 
225 807 
238 576 


19 102 
21577 
21 137 
20 883 
21 832 


-1.0 
0.5 
2.2 


Wet 
68.6 
23.6 


18612 
25 386 


3 831 
4244 
4 847 
5 002 


433.5 
447.8 
462.9 
462.6 


12 610.2 
11 715.2 
11 887.3 
12 255.2 


1 426.8 
1 236.1 
1 135.2 
1133.4 


Man. 


15 789 
18 588 
18 899 
19 110 
19 841 


15 204 
16 991 
16 988 
16 975 
17 541 


2.2 
Vol! 
3.1 


26.9 
40.4 
32.7 


15 224 
19 276 


461 
527 
544 
551 


443.9 
481.7 
489.0 
489.5 


1 323.7 
1 293.0 
1 250.2 
1 253.9 


1 274.6 
1 181.9 
1 123.8 
1 113.8 


3. Net sales statistics are not available because the road tax was removed in both Alberta (April 1978) and Saskatchewan (April 1982). 


Sources: 


a. Statistics Canada, Provincial Economic Accounts: Annual Estimates, 1961-1993, Cat. No. 13-213, Ottawa, 1995: 
b. Statistics Canada, Provincial Economics Accounts, Preliminary Estimates, 1994, Tables and Analytical Document, uncatalogued, Ottawa, 1995. 
c. Statistics Canada, National Accounts and Environment Division. 
d. Statistics Canada, Industry Measures and Analysis Division. 

e. Statistics Canada, Canada Year Book, 1994, Cat. No. 11-402, Ottawa, 1994. 
f. Statistics Canada, Road Motor Vehicles, Registrations, Cat. No. 53-219, Ottawa, 1992. 
g. Statistics Canada, Road Motor Vehicles Fuel Sales, Cat. No. 53-218, Ottawa, 1993. 
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Sask. 


14799 
17 453 
18 810 
18 401 
18 951 


15 129 
16 897 
18 692 
18 185 
18 649 


4.6 
3.1 
Val 


61.5 
14.9 
23.6 


15 017 
17 941 


392 
389 
416 
414 


400.7 
376.6 
413.4 
409.3 


1 460.3 
3 


1 492.8 


1 165.0 
1 526.8 


Alta. 


51779 
56 844 
64 219 
68 235 
71 073 


22 475 
23 309 
24 687 
25 384 
26 166 


2.0 
3.3 
3.1 


53.9 
20.6 
25.5 


17 744 
22 477 


1216 
1 296 
1 424 
1507 


527.8 
531.4 
547.4 
560.7 


B.C. 


53 842 
56 204 
66 793 
70 332 
73 652 


18 982 
18 608 
19 762 
19679 
20 077 


CAT 
tif 
4.6 


24.3 
42.7 
33.1 


16 902 
22 955 


1116 
1527 
1 807 
1879 


393.4 
505.6 
534.6 
525.7 


so CPR 
a ..3 3551.8 
1172.3 3746.7 
1544.9 3873.7 


1 440.3 
1 441.1 


3 527.6 
3 869.5 


1 489.4 
75:9 
1 043.7 
1 082.7 


Yukon 


539 
587 
844 
735 
715 


22 365 
23 669 
29 003 
24 020 
23 754 


28.4 
21.0 
5.4 


55.9 
3.2 
40.9 


19 167 
25 815 


the latter also includes wages and salaries of public servants working abroad. 
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N.W.T. 


1019 
1414 
1 699 
1624 
1 653 


21 273 
25 523 
27 716 
25 615 
25 708 


-3.3 
Tall 
-4.0 


64.3 


2.8 
32.9 
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Symbols Abbreviations 


1986$ constant 1986 dollars 
The following standard symbols are used in Statistics Can- A ampere 
ada publications: ; 
cm centimetre 
figures not available °C degree Celsius 
figures not appropriate or not applicable d day 
- nilorzero dB decibel 
EA enumeration area 
-- amount too small to be expressed 
g gram 
e estimate GDP Gross Domestic Product 
p preliminary figures ha hectare 
r revised figures h hour 
x confidential to meet secrecy requirements of the Sta- Bh: NER 
tistics Act J joule 
kg kilogram 
km kilometre 
Prefixes of the Metric System km2 square kilometre 
km? cubic kilometre 
Prefix Abbreviation Multiplication factor km/h kilometres per hour 
exa E 1018 kPa kilopascal 
peta P 10!5 kt kilotonne 
tera li 10'2 kWh kilowatt hour 
giga G sO: | litre 
mega M 108 m metre 
kilo k 10° m2 square metre 
hecto h 10? m? cubic metre 
deca da 10! Mm° million cubic metres 
deci d 10°"! mm millimetre 
centi Cc 10° min minute 
milli m 103 mol mole 
micro UL 106 Mt megatonne 
nano n 109 ig microgram 
pico p 10°12 nec not elsewhere classified 
femto f 10°15 ng nanogram 
atto a 10°18 ppm parts per million 
ppb parts per billion 
ppt parts per trillion 
s second 
SIC Standard Industrial Classification 
t tonne 
TJ terajoule 
TAC total allowable catch 
W watt 
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Preface 


Environmental Perspectives: Studies and Statistics is de- 
voted to disseminating the results of analytical projects and 
development of data detailing the relationship between the 
environment and the economy. This publication appears 
annually between issues of the quinquennial Human Activ- 
ity and the Environment, which was last published in 1994. 


Whereas Human Activity and the Environment is a compre- 
hensive compendium of environmental-economic data, this 
publication presents a selection of data and analysis that re- 
flect the current environmental statistics program at Statis- 
tics Canada. 


This third volume of Environmental Perspectives presents 
new developments from the research program in the areas 
of environmental surveys and natural resource accounting. 
The environmental survey work focuses on environmental 
protection expenditures and the resource accounts exam- 
ines Canada’s land resource and its fishery. In addition, the 
annex of environmental statistics has been restructured and 
expanded and it now includes a section of summary statis- 
tics for the North American Free Trade Agreement (NAFTA) 
countries. 


Environmental Surveys 


Chapter 1 provides an overview of the structure of the 
environmental satellite accounts, their relationship to 
the core elements of the Canadian System of National 
Accounts, and their correspondence with counterpart 
business financial accounts - with particular emphasis 
on the conventions for treatment of environmental pro- 
tection expenditures. 


¢ The challenges of measuring and interpreting environ- 
mental protection expenditures of the business and 
public sectors are explored in Chapter 2. An overview 
of current practices of other industrialised nations is 
provided for comparative reference. 


Chapter 3 presents an analysis of the environmental 
protection expenditures reported by the Canadian 
business sector over the period 1985 to 1993. 


¢ Chapter 4 examines that part of the environment in- 
dustry which provides consulting engineering and sci- 
entific and technical services to aid businesses 
develop and implement environmental management, 
protection and remediation activities. 


Environmental activities of the household sectors in 
Canada and Australia are examined in Chapter 5. En- 
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ergy use, water use and waste management practices 
of households are compared. 


Natural Resource Accounts 


¢ Chapter 6 introduces the work on natural resource ac- 
count development with a discussion of the impor- 
tance of both physical stock and monetary measures 
to the examination of sustainability. 


e Land Accounts: In Chapter 7, the recent history of land 
cover and land use data for Canada is examined from 
the perspective of policy shifts. A framework is pro- 
posed for the ordering of the existing mosaic of land 
information and for which new information can be de- 
veloped. The application of the framework was piloted 
for New Brunswick, and the results are presented in 
Chapter 8. Chapter 9 explores the valuation of a sub- 
set of Canada’s land, that devoted to agriculture. 


Chapter 10 presents a statistical profile of Canada’s 
ocean fisheries. 


Finally a set of broad economic, social and environmental 
statistics for NAFTA member countries are presented in An- 
nex 1, while Annex 2 presents a similar range of statistics 
for Canada, the provinces and territories. 
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1 A Comparison of 
Business Accounting 
and National 
Accounting from an 
Environmental 
Perspective 


by Cynthia Baumgarten 


Introduction 


Until recently, the earth was assumed to be an infinite 
source of raw materials and an equally infinite receptacle for 
waste. The seemingly endless supply of free goods did not 
need to be counted. Resources were a natural endowment 
to be taken or used. There was no economic transaction as- 
sociated with their taking or discard and no record of the re- 
maining stock. 


Increased awareness of the finitude of the earth's resource 
base, its ability to absorb waste and of the fragility of its ec- 
osystems has changed this perception. This awareness is 
reflected everywhere. School children are being sensitized 
to the fragility of their natural surroundings, consumers are 
being warned about the impact of their wasteful attitudes, 
air pollution indexes and ozone depletion indexes are being 
published with associated health risk warnings, and envi- 
ronmental organizations are challenging the rights of cur- 
rent generations “to consume the earth” at a rate that will 
put at risk the ability of future generations to survive. 


Government and non-government organizations have re- 
sponded with both regulation and voluntary rules of self 
governance to preserve natural wealth and to protect the 
environment. “Sustainable development’ is the rallying ob- 
jective. Associated with this objective is a need for assess- 
ment of the remaining wealth, of the rate at which it is being 
depleted and of the impact on ecosystems. Statistical or- 
ganizations around the world are determining how best to 
reflect the relationships between economic activity and the 
environment within their existing statistical and national ac- 
counting systems. 


Like most accounting frameworks, the Canadian System of 
National Accounts (CSNA) reflects only market or monetary 
transactions. In a few instances, exceptions are made to ex- 
tend the limits of the system to include non-market transac- 
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tions, in order to ensure a consistent representation of a 
country's economic output. The Generally Accepted Ac- 
counting Principles of business accounting share a compa- 
rable philosophy. Business accounting is limited to 
economic events which for the most part are represented by 
market transactions. However, exceptions are made to en- 
sure a meaningful representation of the “output”, health and 
viability of the company. Steps are being taken to signifi- 
cantly expand the limits of both accounting systems to pro- 
vide information that will reflect the “environmental 
perspective” in economic and financial assessment and 
analysis. The following paper outlines the components of 
the CSNA for which environmental satellite accounts are to 
be developed and draws links between them and the corre- 
sponding (and evolving) components of business accounts. 


The CSNA 


Statistics Canada has undertaken the development of a set 
of environmental statistics that will help both policy and eco- 
nomic analysts address environmental questions relating to 
sustainable development. The integrated economic ac- 
counts for Canada were taken as a model for the environ- 
mental accounts because of their utility as powerful 
analytical tools that support the examination of the interde- 
pendence of products and processes among all sectors of 
the economy. Since they are based on internationally ac- 
cepted standards, they provide information which can be 
combined with that of other countries to assess the environ- 
mental issues which transcend international borders. 


The CSNA provides a kind of statistical framework within 
which to formulate environmental policy and which links 
well to the framework for economic policy analysis. It is 
made up of 4 components: 


e the Input-Output Accounts which measure productive 
activity and allow an overview of the relationship be- 
tween the producers and purchasers in the economy, 


e the Income and Expenditure Accounts which focus on 
income generated by productive activity and final ex- 
penditure on that production; 


e the Financial Flow Statements and the National Bal- 
ance Sheet which reveal the financing of economic ac- 
tivity in terms of flows of funds and levels of assets; 
and finally 


° the Balance of Payments and International Investment 
Position which record transactions between Canadi- 
ans and non-residents. 


If a complete set of information describing the role of the en- 
vironment in the economy were available, its incorporation 
in the CSNA would nevertheless be daunting. For example, 
this would require the addition of an environmental sector 
where the supply and absorption of environmental goods 
and services as well as resources supplied by mother na- 
ture would be accounted for in the various accounts of the 
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Table 1.1 


An Abbreviated and Simplified Input-Output Table 


fC Sema 2a Intermediate expenditure Final expenditure lene. 


Commodity 1 
Commodity 2 
Commodity n 


Primary inputs 


system. The nomenclature of commodities and assets used 
in the accounts would also have to be expanded to include 
resources and services provided by the environment to the 
business, personal, government and non-resident sectors. 
For example, the use of the environment as a dump for 
waste would be explicitly included as a service output of the 
environment sector, purchased by the other sectors. 


Expenditure on goods 
and services 


Intermediate inputs 


Payments to labour, profits, investment Payments to labour, 
income, depreciation depreciation 


Total business inputs = 
Gross business output 


Since it would take many years to develop a comprehensive 
and reliable set of data to implement such an extensive in- 
tegration, Statistics Canada opted to start with a “satellite 
account” approach. The 1993 International System of Na- 
tional Accounts describes the role of satellite accounts in 
these terms (United Nations et a/., 1993; p. 489): 


Typically satellite accounts or systems allow for: 
(a) the provision of additional information on par- 
ticular social concerns of a functional or cross- 
sector nature; (b) the use of complementary or al- 
ternative concepts, including the use of comple- 
mentary and alternative classifications and 
accounting frameworks, when needed to intro- 
duce additional dimensions to the conceptual 
framework of national accounts; (c) extended cov- 
erage of costs and benefits of human activities; 
(d) further analysis of data by means of relevant 
indicators and aggregates; and (e) linkage of 
physical data sources and analysis to the mone- 
tary accounting system. 


Although the measurement of physical stocks and flows of 
natural resources is relatively objective, complementary 
monetary assessments are quite challenging and contro- 
versial. The first objective in the development of the satellite 
accounts has been to measure in physical terms the stocks 
and flows of the natural assets which are directly affected by 
the economy, although some priority has been given to as- 
sessing their monetary value. The satellite accounts will al- 
low integration of the environment into the two components 
of the CSNA that elaborate the stocks and flows; the Input- 
Output Tables and the National Balance Sheet. 
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Expenditure on goods 
and services 


Payments to labour, 
investment income, 
depreciation 


Gross fixed capital 
formation and additions 
to inventory 


= Gross business 
output 


Net exports of goods 
and services 


= Gross Domestic 
Product 


The environmental satellite 
accounts: input-output component 


The Input-Output Tables present information on the flows of 
goods and services in the economy between suppliers and 
users. Table 1.1 contains a schematic presentation of the 
Input-Output Tables prior to the introduction of environmen- 
tal components. The rows titled “Commodity” identify the 
commodities used as intermediate input or for final con- 
sumption by the sectors identified along the columns: busi- 
ness, households, government and non-residents. 


The set of columns under the general heading “Intermedi- 
ate expenditures” presents the value of the commodities 
transformed into other products by the various industries of 
the business sector. This value includes the intermediate in- 
puts, that is, the cost of the goods and services used in the 
production process, as well as the primary inputs, that is, 
the cost of labour and capital. 


The set of columns under the general heading “Final expen- 
ditures” presents the value of the goods and services sold 
to households and governments for final consumption, to 
business for additions to fixed capital and inventory, and fi- 
nally those traded with non-residents as exports and im- 
ports. The sum of all purchases (cells along a commodity 
row) adds up to a commodity gross output. The sum along 
the primary input rows adds up to Gross Domestic Product. 


Some elements of the proposed environmental satellite ac- 
counts are already included in the Input-Output Tables. 
Items such as outlays for environmental protection are 
found in the intermediate inputs to production, in gross fixed 
capital formation and in additions to inventories. These will 
be identified separately to permit their inclusion in the satel- 
lite accounts. 


Other elements of the proposed satellite accounts need to 
be developed. This is the case for the land use and the nat- 
ural resource use accounts, recording the non-produced 
natural assets consumed by business, households and 
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Table 1.2 


An Input-Output Table Adjusted to Include the Environment 


Eves Intermediate expenditure 


Commodity 2 


Intermediate inputs 


Intermediate inputs; 
vironmental protectior 


Payments to labour, profits, investment 
income, depreciation 


Note: 
(P) indicates accounts for which only physical measures will be developed; (M) indicates accounts for which monetary measures will be developed. 


governments, as well as the accounts showing the waste 
output from each of the sectors. 


Table 1.2 illustrates how the satellite accounts - the shaded 
areas - relate to the standard Input-Output Tables. The 
lightly shaded cells in the rows entitled “Commodity” repre- 
sent the elements already included in the CSNA since they 
are currently exchanged in the market for money. The cells 
in the rows with darker shading represent respectively the 
non-produced natural assets consumed and the waste re- 
turned to the environment, which are not currently traded in 
the market. 


As satellite components, these resource use and waste out- 
puts accounts will be expressed in physical units only (indi- 
cated by P in the table) and as such will not enter the core 
Input-Output Accounts. For all other satellite accounts, 
monetary measures (indicated by M in the table) and possi- 
bly some physical measures will be produced. 


The environmental satellite 
accounts: asset component 


At present, the CSNA provides measures of financial assets 
and produced assets including commercial land. These are 
found in the first two columns of Table 1.3. With the 1997 
historical revision to the CSNA, the core accounts (i.e., the 
national balance sheet) will be expanded to include 
column 3: natural resources such as subsoil assets, timber 
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Final expenditure eae 


Expenditure on goods 


Expenditure on goods 
and services 


He es | Gross fired capita oo fe 
| Outlays torenviron, | (ormetonand | Nei cxparise goods 
mental protection (M) additions to inventory | and services for envi- 


sntal protection (M)_ 


Payments to labour, 


Payments to labour, investment income, 


depreciation 


Gross fixed capital for- 
mation and additions 
to inventory 


Net exports of goods 


and services and services 


Gross business 
output 


for os pros 


ronmental protection | 


= Gross Domestic 


depreciation Product 


and non commercial land. For these natural resources, 
opening stock, changes in volume, holding gains or losses 
and closing stock will be measured in monetary terms. 


The stocks of natural resources incorporated in the balance 
sheet will also be expressed in physical terms. The shaded 
areas (both dark and light) in Table 1.3 identify the environ- 
mental satellite components of the CSNA asset accounts. 
The cells shaded in light grey represent the elements which 
will be common to both the core CSNA (the national bal- 
ance sheet) and the environmental satellite accounts. 


The CSNA and business 
accounting 


Much of the information that Statistics Canada uses to build 
the Input-Output Tables and the stock - flow reconciliation 
accounts (which are currently implicit but will be published 
beginning with the 1997 historical revision) is derived from 
accounting statements. The information is collected from 
businesses with questionnaires whose wording and defini- 
tions, to the greatest degree possible, are consistent with 
Generally Accepted Accounting Principles. A close exami- 
nation of the input-output table entries will reveal a similarity 
to the entries in business income statement. The Input-Out- 
put Accounts for the whole economy are basically derived 
from a summation of the income statements of individual 
businesses, although there are some basic differences. 
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Table 1.3 
Asset Accounts and the Natural Resource Satellite Accounts in the CSNA 


Financial assets 


} protection 


Note: 


Stock - flow reconciliation accounts 


in volume 


Other changes in volume Other changes : 
Holding gains/losses Holding gains/losses 
Closing stock Closing stock Se 


ngible non- produced a 
Natural resources 


(P) indicates accounts for which only physical measures will be developed; (M) indicates accounts for which monetary measures will be developed. 


Both macro-economic and financial analysts start with the 
same set of accounts, although the purpose, level and fo- 
cus of their analyses differ. Macro-economic analysis focus- 
es mainly on a measure of output or production for the 
overall economy. The economy is examined from the view 
of who (in very broad terms) uses the outputs or goods and 
services produced. It is also examined from the perspective 
of the inputs used to produce the output, namely primary in- 
puts (the factors of production, labour and capital, plus other 
charges against production such as net indirect taxes) and 
intermediate inputs (the goods and services used). The an- 
alyst uses the input-output matrix format in which total busi- 
ness inputs equal total business outputs. The objective is to 
examine the relationship among the components of the 
economy as a whole. 


Financial analysts also examine inputs and outputs, al- 
though they rarely rely on an input-output matrix format for 
their analysis. They use income statements of individual 
businesses and compare them to those of similar business- 
es. The objective is usually to identify the best candidate for 
investment. Revenue generation is a major facet. The ana- 
lyst wants to know the relationship between the expenses 
and the revenues. What mix of inputs or expenses maximiz- 
es output for sale? Do revenues or sales cover expenses 
and still provide an expected return to the owners? To en- 
hance the analysis, business accounting attempts to match 
expenses with associated revenues when building the in- 
come statement. 


There are differences in treatment between the two ap- 
proaches, with respect to inventory change and investment 
in the form of own account construction. 


Inventories: For the economist, additions to inventory con- 
tribute to the supply of goods regardless of by whom they 
are produced, held or owned. They are included in the 
measure of output or production. For the financial analyst 
examining an individual business, it matters who owns the 
inventory. Until the inventory is sold and revenue generat- 
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ed, production costs associated with additions thereto are 
explicitly excluded from the expenses shown in the income 
statement. This approach ensures that the expenses 
charged against income or revenue for the period represent 
costs associated with that revenue. Although the account- 
ing equivalence between total input (expenses plus return 
to owner's capital) and total output (revenues) is preserved, 
neither total includes a value for production added to inven- 
tory during the period. 


Investment in fixed capital: When a business purchases 
equipment from another company, the value of the pur- 
chase does not appear as an expense in the income state- 
ment. Rather, it is capitalized, that is, added to the fixed 
asset account, and a counterbalancing adjustment is made 
to the cash account. In other words, it is directly recorded on 
the balance sheet and does not flow through the income 
statement. However, the proceeds from the sale of the fixed 
capital will appear in the income statement of the seller. On 
the other hand, when a business produces its own fixed 
capital, using its own workforce and supplies to build a stor- 
age facility for example, the expenses associated with this 
production are not included in the income statement. Since 
the resulting product is not to be sold but rather used on 
own account, there are no direct sales against which to 
match the expense. Therefore, it is treated as if it were pur- 
chased fixed capital; entries are made to the balance sheet, 
fixed capital and cash accounts to reflect the value of the 
additional facility. Unlike purchased capital, however, there 
is no seller on whose income statement the production is re- 
corded. As a result, own account construction must be add- 
ed explicitly to the measure of production for the economy. 


The treatment of these two elements, additions to invento- 
ries and investment in fixed capital, is one of the main con- 
ceptual differences between economic or national 
accounting and financial accounting. The remaining ac- 
counts of the two systems correspond quite favourably. Ta- 
ble 1.4 compares the business input column of the Input 
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Table 1.4 


Correspondence Between the CSNA Input-Output Account and the Business Income Statement 


Input-output account in the CSNA 
ane expenses) 


— [Commodity1 | 


Commodity 2 


Intermediate inputs 


Payments to labour, indirect taxes, prof- 
Other inputs its, investment income, depreciation 
eae ee ea Total business inputs 


Note: 


seed materials and services (estea for change i iff inventories and own account additions to fixed eo) 


8.9, 
waste disposal charges . 
charges for pollution: F onion ae sbaiement 
| costs of remediation of damage 


Business income eet 
(current expenses) 


Purchased materials and services (adjusted for change in inventories and own account additions to fixed capital) 


oo 
heat, light, telephone, rent, repairs and maintenance, transportation, advertising, legal and other consultative services, 
pees and supplies to be eae etc. 


n of installations 


Payments to labour, indirect taxes, profits, investment income, depreciation 


Total business costs and profits before interest payments and before direct taxes 


(P) indicates accounts for which only physical measures will be developed; (M) indicates accounts for which monetary measures will be developed. 


Output Table with the elements of the business income 
statement. 


Table 1.5 presents a comparison of the stock - flow recon- 
ciliation in the CSNA and in business accounting. The cor- 
respondence between the two is a reflection of the sound 
business accounting framework upon which the CSNA was 
patterned. 


Environmental satellite account 
data requirements: 
input-output component 


Development of the environmental satellite input-output ac- 
counts will require information on the use of natural resourc- 
es and production of all environmental goods and services. 
This implies that additions to inventories and revenues from 
sales will all need to be separated into categories of envi- 
ronmental and non environmental goods and services. 
Likewise, the natural resources and the goods and services 
used in the production of environmentally friendly goods 
and services, including environmental protection expendi- 
tures, will need to be identified. 


The quality of the environmental protection expenditure sat- 
ellite account, the light grey cells in Table 1.4, will depend 
largely on the ability of business to report environmental 
protection expenses in their books. The identification of ex- 
clusively environmental costs should be straightforward. 
The costs incurred for both environmental and other rea- 
sons will require some form of allocation. A Canadian Insti- 
tute of Chartered Accountants (CICA) research study report 
suggests that “while the task of allocating costs between en- 
vironmental and non-environmental categories may be very 
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difficult, similar cost allocations are made in many other sit- 
uations under the historical cost model (for example, re- 
search and development costs)” (CICA, 1993; p.11). 


As noted earlier, the business accounting decision to capi- 
talize an expenditure rather than treat it as a current ex- 
pense is largely governed by the underlying principle of 
matching costs with associated economic benefits. The ap- 
plication of this matching principle to environmental protec- 
tion expenditures gives rise to a whole range of options for 
prior period adjustments, current expenses and capitaliza- 
tion. For example, costs incurred in the current period to 
clean up environmental damage etc. caused in a prior peri- 
od could be treated as prior period adjustments or current 
expenses. Current environmental expenses that are related 
to expected future economic benefits could be candidates 
for capitalization if they are “recoverable” by the firm. 


Table 1.5 
Stock and Flow Reconciliation: 
the CSNA Versus Business Accounting 


viron- Additions. to capital and capitalized expen- 
_ ditures for environmental protection — 


Other changes in volume Other changes in volume 
Holding gains/losses Valuation adjustments 
Closing stock Closing balance 


Note: 
(M) indicates accounts for which monetary measures will be developed. 
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In environmental accounting for businesses, the classifica- 
tion and treatment of an expenditure is governed by its na- 
ture or circumstances as well as by its ultimate beneficiary. 
Since environmental accounting is fairly new, guidelines are 
evolving as new situations arise. A CICA Study Group has 
reviewed the topic and has put forward a number of propos- 
als for revisions to the CICA accounting guidelines. 


Presently, the measure of gross fixed capital formation in 
the CSNA is closely linked to the measure of capital in busi- 
ness accounts. It includes new tangible assets, namely, 
plant and equipment, replacement and major alterations of 
capital installations, and various expenses which are capi- 
talized along with the cost of the fixed assets. In only a few 
instances, do the guidelines of the two accounting systems 
differ significantly. The treatment of expenditures for envi- 
ronmental protection in the environmental satellite accounts 
should also closely follow the guidelines and standards es- 
tablished in business accounting for the capitalization of en- 
vironmental expenditures. As these evolve, so too will those 
for investment on environmental protection in the environ- 
mental satellite accounts. 


Statistics Canada is attempting to move forward with meas- 
ures of environmental expenditures by developing a follow- 
up survey to its 1989 pilot survey of pollution control and 
abatement. Among the many challenges of developing the 
survey is the determination of an appropriate classification 
of categories for environmental expenditures - both current 
and capital. 


As seen in Table 1.4, there are no corresponding business 
accounts which record the value or volume of natural re- 
sources used as input to production nor the value or volume 
of waste output. 


Volumes of natural resource inputs used in production are 
currently collected from business’ internal management 
records. This practice will continue. 


Waste output will require special attention in the satellite ac- 
counts. Although the payments to the waste management 
industry to remove the waste are recorded as expenses, 
there are no entries for direct emissions into the environ- 
ment. Waste by definition has no value and therefore its 
production and discard are not recorded. However, to anal- 
yse the impact of economic activity on the environment, 
measures of waste output are critical. Again, internal man- 
agement records may provide some of this information. In 
addition, the environmental satellite accounts will rely on 
sources outside of business accounting to develop physical 
measures of waste output. Greenhouse gas emissions 
have already been derived for all sectors and similar plans 
are under way for other waste outputs. 
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Environmental satellite account 
data requirements: 
asset component 


The development of satellite accounts for natural resource 
assets in monetary and physical terms will benefit only mar- 
ginally from business accounting records. Information on 
the stocks of natural resources held by business will of 
course be used. However, the bulk of Canadian resources 
which belong to no one (or everyone) remain to be counted 
and valued. This exercise is the subject of other papers in 
this and other issues of Environmental Perspectives. 


Conclusion 


One of the critical elements to the successful development 
of the environmental satellite accounts will be the accept- 
ance of the business sector to account for its transactions 
relating to the environment in a standard and consistent 
manner and its willingness to share that information with 
Statistics Canada. Another element will be the fit between 
business accounting with respect to the environment and 
the environmental satellite accounts. To date, the indica- 
tions have been quite positive. 
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2 Environmental 
Protection 
Expenditures: 
Conceptual Issues and 
Current Practices 


by Craig Gaston and Anik Lacroix 


For the past five years Statistics Canada has been involved 


in developing a system of environmental and natural re- 


source accounts’ that will be satellite components of the 
Canadian System of National Accounts. One of these ac- 
counts, the environmental protection expenditures account, 
remains one of the least complete sets of environmental in- 
formation. Although much development work has been 
done internationally (Eurostat, 1994), difficult conceptual 
and practical problems remain for the development of con- 
sistent data for this account. Statistics Canada is currently 
developing data on environmental protection expenditures 
made in household, business and public sectors. 


Conceptual issues 


Two reasons are frequently cited for measuring environ- 
mental protection expenditures: 


* to gauge the commitment of countries (of govern- 
ments, businesses and households) to prevent envi- 
ronmental degradation; 


* to measure the cost to economic agents of environ- 
mental regulation. 


Environmental protection expenditures are of two types 
(Text Box 2.1): those that treat pollution (or any other deg- 
radation) once it has been generated and those that change 
the production (or consumption) process to reduce or pre- 
vent pollution from being generated, or to reduce the 
amount of resources used. The first type, end-of-pipe ex- 
penditures, are intended only to abate and control pollution. 
Since there is no immediate financial advantage for the pol- 
luter in introducing this type of solution, the purpose is un- 
ambiguous. The second type of expenditure, for integrated 


1. This system of satellite accounts will consist of a Natural Resource Stock 
Account, a Natural Resource Use Account, a Waste Account and an 
Environmental Protection Expenditures Account. 
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Text Box 2.1 
Definition of Environmental Protection 
Expenditures 


Environmental protection expenditures are defined in 
the 1994 Environmental Protection Expenditures Sur- 
vey as all operating and capital expenditures incurred 
in order to comply with environmental regulations or 
conventions which apply to Canada. Examples of en- 
vironmental regulations include the Canada Fisheries 
Act Regulations on liquid effluents from the pulp and 
paper, metal mining and petroleum refining industries 
(e.g. regulations pertaining to the Environmental Ef- 
fects Monitoring Programme such as assessments of 
aquatic effects of mining in Canada). Environmental 
conventions include any formal multi-party commit- 
ment to meet specific targets relating to habitat protec- 

_tion and waste and pollution abatement, such as the 
Canada-U.S. Air Quality Agreement. 


Environmental protection expenditures consist of ex- 
penditures undertaken with the intention of prevent- 
ing, reducing and remedying environmental 
degradation or preserving the environment. They in- 
clude expenditures for pollution abatement and con- 
trol and expenditures for restoring wildlife and habitat, 
along with associated expenditures for environmental 
monitoring, environmental assessments and audits, 
and expenditures for reclamation and decommission- 
ing of sites. Expenditures to improve employee health, 
workplace safety and site beautification are excluded. 


solutions, can save raw material, energy in some cases and 
labour costs. There can be, in this case, a financial advan- 
tage. Commitment to protection of the environment is there- 
fore clear in the first case but ambiguous for the second. 


This fact has been noted by environmentalists and busi- 
nesses alike (Knight, 1995; p.8) and there is increasing 
agreement that environmental protection expenditures are 
not a good measure of commitment to environmental pro- 
tection. For this purpose it is more meaningful to measure 
the actual reduction in the quantity of pollution generated 
rather than the amount of money spent. These physical 
measurements have their own conceptual difficulties, par- 
ticularly when it is a question of producing an aggregate 
measure, yet it is possible to focus on individual pollutants 
or classes of pollutants to determine progress. 


Environmental protection expenditures are, however, a 
useful measure of the economic cost to society of protecting 
the environment. There is no international consensus in re- 
solving the problem of separating environmental from other 
investment purposes. The most common technique used by 
member countries of the European Union (Eurostat, 1994) 
is to determine, for each type of process considered, a 
standard or reference technology that does not meet the lat- 
est regulatory requirements. The difference in cost between 
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an investment that conforms to the latest standards and the 
reference technology investment is deemed to be the envi- 
ronmental protection expenditure. It should be emphasized 
that the cost of the reference technology is often hypotheti- 
cal since it may no longer be marketed in a given country as 
technological evolution moves towards cleaner processes. 


Underlying this approach is the assumption that the refer- 
ence technology is less expensive than that which has been 
adapted for environmental purposes. Although this may 
hold for some investments, it is not always the case. For in- 
stance, experts agree that a new pulp mill that generates 
zero effluent “would cost essentially the same as a conven- 
tional mill to build and operate” (McCubbin, 1994; p. 15). In 
other words, if environmental protection is incorporated into 
the initial design important gains can be made. Also, in oth- 
er areas new technologies are being developed that reduce 
waste and pollution by using resources more efficiently. 
Even if these investments are more substantial than invest- 
ments in a reference technology, they may become cost ef- 
fective in the long run. Consequently, under this profitability 
criteria there would be no environmental cost. In other 
words, if the savings from decreased operating costs out- 
weigh the additional capital costs required, the environmen- 
tal protection cost is zero. The Netherlands is one of the few 
countries that takes profitability into account in determining 
environmental cost (de Boo, 1993). 


From the above discussion it would seem reasonable to 
make a distinction between expenditures for end-of-pipe 
and expenditures for integrated processes. The former can 
provide a clear indication of costs that have little or no eco- 
nomic benefit (except to the firms that specialized in the pro- 
duction of environmental protection goods and services). It 
is not always feasible for organizations to adopt the best so- 
lution, which is often one that changes the technological 
process. It can be much more expensive and difficult to im- 
plement even if its long-term payoff proves to be higher. 
End-of-pipe solutions provide, therefore, an indication of the 
cost of not adopting more efficient solutions which reduce 
the use of energy and materials. This is not to imply that it 
would be possible to avoid entirely end-of-pipe solutions. 
There will always be a need for sewage treatment facilities 
and some abatement requirements are too urgent to wait for 
the appropriate process change technology to be imple- 
mented. 


Another area which poses conceptual difficulties is the allo- 
cation of environmental protection expenditures by environ- 
mental medium: air, surface water and land (including 
groundwater). The difficulty here is that pollutants do not 
necessarily remain in the medium to which they are re- 
leased. Air emissions are eventually deposited on land or 
water and contaminated groundwater ultimately seeps into 
Streams and rivers. There is no satisfactory solution to this 
problem but the distinction still has some use if for no other 
reason than it provides market information for broad cate- 
gories of pollution abatement equipment. 
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Current practices 


Business sector expenditures 


Surveys on environmental protection expenditures are cur- 
rently conducted by industrial associations in Austria, Ger- 
many and the United Kingdom and by the statistical offices 
of most member states of the European Union. Austria, 
Germany, the Netherlands, the United States and Japan 
have been conducting regular surveys since the 1970s and 
Australia began a regular survey in 1990. 


Some countries, notably the United States and Australia, 
have chosen to leave the decision about which costs to in- 
clude to the survey respondent. However, the United States 
has recently established some rules of thumb to help re- 
spondents determine what proportion of the cost of their 
process-change investments is for environmental protec- 
tion. Provision of methodologies to help the respondent 
identify the environmental protection expenditure compo- 
nent of an investment would require considerable technical 
knowledge on the part of the surveyor. Furthermore, there 
would be many unique situations to address. Few statistical 
offices have been able to afford the cost of the necessary 
specialists and research. 


Statistics Canada conducted a pollution abatement and 
control (PAC) survey for 1989 (Gaston, 1993). This survey 
requested information on end-of-pipe expenditures and al- 
though it covered all sectors of the economy, it was restrict- 
ed to those firms that had previously reported PAC 
expenditures. ! 


Statistics Canada has just conducted an environmental pro- 
tection expenditures survey for 1994. It was intended to 
measure the cost to companies of environmental regula- 
tions and conventions? and it covered a broader range of 
environmental activities than the 1989 survey, such as 
process changes for PAC, wildlife and habitat protection, 
cleanup, monitoring and environmental assessments and 
audits. No attempt was made however to define the envi- 
ronmental criteria with respect to process-change invest- 
ments on the 1994 questionnaire because of the difficulties 
in estimating what share of total spending the environmen- 
tal motive should have. Instead the survey left to the re- 
spondent the decision on what proportion of a multi- 
purpose investment to include. This means that, for the time 
being, Canada’s approach is more in line with that of the 
United. States and Australia than with European Union 
countries. 


A pilot survey was conducted during the summer of 1995 
and the full survey was mailed in October. The survey cov- 


1. Those establishments that received the long questionnaire in the Capital 
and Repair Expenditure Survey and reported having PAC expenditures in 
the previous 3 years. 

2. A convention is defined as any multi-party agreement, with explicit tar- 
gets, to reduce pollution. The main criteria is that the agreement reflect 
more than the intentions of an individual company. 
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ered establishments with fifty or more employees in forest- 
ry, mining, crude oil and natural gas, electric power and the 
manufacturing sectors deemed most likely to have substan- 
tial environmental protection expenditures. From the results 
‘of the pilot survey it was determined that smaller companies 
(with less than 50 employees) in the selected industries ei- 
ther had no environmental protection expenditures or they 
could not make reasonable estimates of these types of ex- 
penditures. 


In addition to these surveys, regular information on capital 
expenditures for pollution abatement and control has been 
collected since 1985. Statistics Canada's Capital and Repair 
Expenditure Survey asks respondents to provide data on 
capital expenditures by type of asset, several of which per- 
tain specifically to pollution abatement and waste and sew- 
age disposal. The survey, which is restricted to capital 
expenditures, does not distinguish between end-of-pipe 
and integrated process investments. However, the survey 
provides the only historical PAC information available. Sta- 
tistics Canada has prepared a time series on PAC expendi- 
tures from this survey. ' 


Apart from the above sources there is very little information 
available historically on environmental protection expendi- 
tures for Canada. Environment Canada commissioned a 
survey for the year 1989 to Dunn and Bradstreet. The defi- 
nition of environmental protection expenditures was broad- 
er than that of Statistics Canada's 1989 PAC survey (Dun 
and Bradstreet, 1991) so the results are not comparable. 
This survey was notable for the information it provided on 
the use and prospective use of environmental protection 
technologies according to environmental media (air, water, 
solid waste land management). 


Some administrative data do exist from Revenue Canada's 
Accelerated Capital Cost Allowance Program for air and 
water pollution abatement equipment (Classes 24 and 27). 
Firms that were in business prior to 1974 were allowed to 
write off the costs of pollution abatement equipment over 
three years rather than the longer write-off period that gen- 
erally applied. This information is inadequate for statistical 
purposes for several reasons. The program did not apply to 
newer companies, thus there is no data on expenditures of 
newer companies. In years of low or no profitability, compa- 
nies tend not to take advantage of these allowances there- 
by obscuring the timing of such expenditures. In some years 
of the program’s existence, other tax provisions offered sim- 
ilar or more favourable write-off periods thereby reducing 
the apparent amount of expenditures for the pollution 
abatement equipment. 


Other partial information exists for some industries; for ex- 
ample, Pulp and Paper Canada publishes an annual report 
of capital expenditures on pollution abatement and control 
by pulp and paper companies. 


1. See Chapter 3 in this publication. 
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Public sector expenditures 


The measurement of environmental protection expendi- 
tures by governments is complicated by a similar problem 
to that of the private sector. Many expenditures to protect 
the environment can also be viewed as industrial develop- 
ment expenditures, such as expenditures relating to forest 
or fish management, agricultural development or energy 
programs. An example is Fisheries and Oceans Canada's 
Atlantic Fisheries Adjustment Program (AFAP). One of its 
main elements is rehabilitation of northern cod species 
through adoption of new conservation measures, increased 
monitoring, scientific research for depleted fish stocks, and 
implementation of individual quotas and adjustment pro- 
grams for workers affected by conservation measures. 
Should these adjustment programs be considered entirely 
as environmental protection programs? The AFAP also pro- 
motes economic diversification activities which stimulate 
the creation of new markets and the development of under- 
utilised species with a focus on aquaculture. Even though 
economic diversification may help protect certain fish spe- 
cies, it is difficult to determine the pure environmental moti- 
vation of the program. 


This problem is best exemplified in the Financial Manage- 
ment System (FMS) used to classify government expendi- 
tures where there is one broad category called “natural 
resource conservation and industrial development’. Almost 
75% of consolidated government capital and current expen- 
ditures for environmental protection in 1991 was in this cat- 
egory. How much of. this expenditure ought to be 
considered as expenditure for environmental protection is 
very difficult to assess. To sort out the components would 
require a programme by programme assessment of the ex- 
penditure purpose. In the absence of such an evaluation 
mechanism, an alternative would be to develop an expend- 
iture classification that is based on purpose. The implemen- 
tation of the Federal Sustainable Development Initiative 
should provide an impetus to keep more accurate records 
on federal government expenditures for environmental pro- 
tection. 


Other challenges in preparing a time series of government 
expenditures on environmental protection include: different 
levels of detail over time and by level of government; diffi- 
culty in eliminating double counting because of lack of infor- 
mation on transfers between governments; and reporting 
delays from reliance on administrative data in lieu of direct 
surveys. 


Despite these obstacles, Statistics Canada intends to pro- 
duce an account of government expenditures on environ- 
mental protection. It will consist of a time series of current 
and capital expenditures by each level of government. Data 
sources include the public accounts, other administrative 
sources and surveys. Available data have been published 
recently on PAC expenditures as well as on conservation 
and natural resource development expenditures since 1970 
(1965 in some cases) (Lacroix, 1995). 


Statistics Canada - Catalogue No. 11-528-XPE, No. 3 9 


Environmental Protection Expenditures: Conceptual Issues and Current Practices 


Conclusion 


The difficulties associated with the isolation and measure- 
ment of integrated environmental protection expenditures 
remain to be resolved. If the expected evolution of environ- 
mental protection from end-of-pipe to process-integrated 
solutions occurs, it will be difficult to monitor. The Nether- 
lands has reported some evidence to this effect but few 
countries have been able to demonstrate a statistical meth- 
odology sufficiently rigorous to confirm this. Nevertheless, 
the measurement of end-of-pipe expenditures remains im- 
portant since these represent costs which are not offset by 
increased resource and energy efficiency. The environmen- 
tal protection expenditures that we can measure with confi- 
dence represent not so much the progress in reducing 
pollution but rather, the failure to implement a more efficient 
and clean alternative to an end-of-pipe solution. 
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3 Private Sector 
Investments in Pollution 
Abatement and Control 


by Pierre Gagnon 


Introduction 


This chapter presents the results of an analysis of data ob- 
tained from Statistics Canada’s survey of capital expendi- 
tures. The analysis involves business-sector capital 
expenditures for pollution abatement and control (PAC) 
from 1985 to 1993; current expenditures are excluded. Pub- 
lic-sector (federal, provincial and municipal governments) 
expenditures were analysed in a previous study (Lacroix, 


1995). 


Environmental regulations adopted by the various levels of 
government have played an important role in the evolution 
of private-sector PAC expenditures. However, it is difficult 
to attribute increases in PAC investments specifically to 
those regulations adopted in recent years. Many invest- 
ments were made in anticipation of regulations soon to be 
imposed, such as the Municipal-Industrial Strategy for 
Abatement, which addressed water pollution in Ontario. 
Other significant expenditures were the result of a federal- 
provincial agreement on reducing sulphur dioxide emis- 
sions.! The agreement mainly targeted smelters and elec- 
trical power plants. There have also been a series of federal 
and provincial regulations targeting the paper and allied 
products industry and contributing to the increase in PAC in- 
vestments in that industry since the late 1980s. Some of the 
federal regulations adopted in 1991 included the possibility, 
for some businesses, of an extension until 1995 to comply 
with environmental standards (Table 3.1). In addition to the 
regulatory framework, public pressure became an increas- 
ingly important factor during the 1980s and may also have 
contributed to the increase in PAC expenditures. 


Analysis by industry 


From 1985 to 1993, capital expenditures for pollution abate- 
ment and control (in the business sector) increased from 


1. Sulphur dioxide, along with nitrogen oxides, combine with water in the 
atmosphere to form the main components of acid deposition. 
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$141 million to $1.1 billion. In 1990, those expenditures 
peaked at $1.3 billion (Table 3.2). 


The manufacturing sector 


Manufacturing is one of the most important sectors with re- 
spect to private-sector PAC investments. The percentage of 
manufacturing sector investments remained steady at 
about 80% to 90% of total investments between 1985 and 
1987 (Table 3.3). After that year, the percentage fell from 
80% to less than 60%, whereas environmental expendi- 
tures in the electricity, gas and other utilities industry grew. 
Ontario Hydro's large investment alone was a major contrib- 
utor to the substantial decrease in the manufacturing sec- 
tor's percentage of PAC investments. Manufacturing sector 
industries that account for the largest investments are main- 
ly the paper and allied products industry (note that pulp and 
paper is the largest single contributor in this industry), pri- 
mary metals and chemical and chemical products indus- 
tries. 


The paper and allied products industry 


This industry expanded considerably in the late 1980s, re- 
sulting in a substantial increase in total investments. Be- 
tween 1985 and 1989, investments increased from 
approximately $2 billion to $5.5 billion. In the early 1990s, 
the recession had a strong impact on pulp and paper pro- 
duction and total investments dropped from $5.5 billion to 
$2.2 billion. PAC investments increased from $31 million to 
$490 million from 1985 to 1990, and then fell to $282 million 
in 1993 (Figure 3.1 and Table 3.3). Despite this decrease, 


Figure 3.1 
PAC Investment in the Paper and Allied 
Products Industry, 1985-1993 


million dollars 


Sn 
1985 1986 


Sources: 
Statistics Canada, Investment and Capital Stock Division and National Accounts and En- 
vironment Division. 
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Table 3.1 
List of Federal Regulations 


_—_— ee SSSSSSSSSSSSSSSSSssse 
Adopted 
a eee Adopted 


Canadian Environmental Protection Act 
Asbestos Mines and Mills Release Regulations 
Chior-Alkali Mercury Release Regulations 
Chlorobiphenyl Regulations 
Chlorofluorocarbon Regulations, 1989 
Contaminated Fuel Regulations 
Export and Import of Hazardous Wastes Regulations 
Federal Mobile PCB Treatment and Destruction Regulations 
Fuels Information Regulations No. 1 
Gasoline Regulations 
Mirex Regulations 
Ocean Dumping Regulations 
Ozone-Depleting Substances Regulations No.1 (CFCs) 
Ozone-Depleting Substances Regulations No.2 (certain BFCs) 
Ozone-Depleting Substances Regulations No.3 (products) 


Ozone-Depleting Substances Regulations No. 4 (Methyl Chloroform and Carbon Tetrachloride) 


PCB Waste Export Regulations 
Petroleum Refinery Effluent Regulations 
Phosphorus Concentration Regulations 
Polybrominated Biphenyls Regulations 
Polychlorinated Terphenyls Regulations 
Pulp and Paper Mill Defoamer and Wood Chip Regulations 
Pulp and Paper Mill Effluent Chlorinated Dioxins and Furans regulations 
Secondary Lead Smelter Release Regulations 
Storage of PCB Material Regulations 
Toxic Substances Export Notification Regulations 
Vinyl Chloride Regulations 
Fisheries Act 
Alice Arm Tailings Deposit Regulations 
Chlor-Alkali Mercury Liquid Effluent Regulations 
Meat and Poultry Products Plant Liquid Effluent Regulations 
Metal Mining Liquid Effluent Regulations 
Petroleum Refinery Effluent Regulations 
Port Alberni Pulp and Paper Effluent Regulations 
Potato Processing Plant Liquid Effluent Regulations 
Pulp and Paper Effluent Regulations 
International River Improvements Act 
International River Improvements Regulations 
Weather Modification Information Act 


Source: 
Environment Canada, 1993. 


the percentage of PAC investments compared to total in- 
vestments remained steady. This percentage increased 
from 1.5% in 1985 to 12.6% in 1991, and remained near 
that level until 1993 despite the recession (Table 3.4). 


The majority of these investments are in pollution abate- 
ment and control equipment. They represented between 
65% and 93% of the industry's PAC investments over the 
1985 to 1993 period. 


In December 1990, British Columbia adopted pulp and pa- 
per mill effluent regulations. The primary goal of the regula- 
tions was mainly to reduce furan and dioxin contamination. ' 
They mainly targeted mills not yet performing at an accept- 
able level. The mills had to improve their production proc- 
esses to reduce pollution, and those not yet equipped with 
wastewater treatment systems had to install such systems. 


June 14, 1990 
February 15, 1990 
February 21, 1991 
February 15, 1990 

August 14, 1991 
November 12, 1992 
December 14, 1989 


May 9, 1990 
November 23, 1978 
1975 

June 29, 1989 
August 28, 1990 
August 28, 1990 
August 27, 1993 
July 27, 1990 


February 15, 1990 
February 15, 1990 
May 7, 1992 

May 7, 1992 
February 21, 1991 
August 27, 1992 
November 12, 1992 
April 11, 1979 


April 10, 1979 


February 25, 1977 
November 12,1992 


May 7, 1992 


i 
Weather Modification Information Regulations 53 


In January 1992, the legislation was amended and stricter 
measures with respect to dioxins and furans in British Co- 
lumbia's water were introduced. The amendment required 
pulp and paper mills to completely eliminate furan and diox- 
in emissions by the year 2002. In 1993, Ontario also adopt- 
ed environmental regulations aimed at eliminating dioxin 
and furan emissions by the year 2002. 


Overall, the purpose of these federal and provincial meas- 
ures is to reduce dioxin and furan emissions, and improve 
the paper bleaching process. Quebec adopted a regulation 
aimed at reducing by 75% the biochemical oxygen demand 


1. In laboratory tests, dioxin causes death in rainbow trout at concentrations 
above 40 parts per quadrillion. Together, furans and dioxins forma family 
of chemical compounds, some of which have been shown to be extremely 
toxic in laboratory animals. 
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Table 3.2 
PAC Investments, 1985-1993 

1985 1986 1987 1988 1989 1990 1991 1992 1993 

thousand dollars 

Industrial and commercial construction 50 889 50 090 94 699 255 474 309 319 503 326 614 486 686 030 686 298 
General machinery and equipment 89 676 142 920 129 456 231 274 475 008 762 608 625 619 559 228 394 529 
Total 140 565 193 010 224 155 486 748 784 327 1 265 934 1 240 105 1 245 258 1 080 827 
Note: 


Ontario Hydro's and Nova Scotia Hydro's capital expenditures are combined under “Industrial and commercial construction”. 


Sources: 


Statistics Canada, Investment and Capital Stock Division and National Accounts and Environment Division. 


(the amount of dissolved oxygen required for bacterial de- 
composition of organic wastes in water), and which impos- 
es a reduction in waste toxicity. The initial application 
deadline was established as December 31, 1993, with a 
second deadline established as December 31, 1996. 


The primary metals industry 


Growth in total investments in the primary metal industry in 
the late 1980s was much slower than that of the paper and 
allied products industry. Total investments decreased by 
over 60% during the recession. The percentage of those in- 
vestments allocated to pollution abatement and control as- 
sets was slightly higher than for the paper and allied 
products industry in the mid 1980s (Table 3.4). 


However, from 1990 to 1993, this percentage was similar to 
that observed in the paper and allied products industry, at 
between 11% to 14%. The two main assets are pollution 
abatement and control equipment and construction. These 
assets accounted for approximately 95% of all pollution 
control investments. The only exception was 1993, when 
the asset item “sewage treatment and disposal plants in- 
cluding pumping stations” accounted for approximately 
one-third of pollution abatement and control investments. 


The primary metals industry invested heavily in pollution 
abatement and control equipment between 1989 and 1992, 
spending some $400 million in 1990 (Figure 3.2). Most of 
these expenditures were made in the context of the federal- 
provincial agreement to reduce sulphur dioxide emissions, 
which targets smelters and electrical power plants in East- 
ern Canada. The objective established for the four largest 
Ontario producers was to reduce sulphur dioxide emis- 
sions, which were over 1 million tonnes in 1990, by 50% 
from 1990 to 1994. 


The chemical and chemical products 
industry 


Investments made by the chemicals industry are more sta- 
ble than those of the paper and allied products and primary 
metals industries (Figure 3.3). Nevertheless, the percent- 
age of those PAC investments varied somewhat from one 
year to the next (fluctuating between 1% and 8%). This per- 
centage reached approximately 5% in 1993, compared to 
11% for primary metals and 13% for paper and allied prod- 
ucts (Table 3.4). 


In 1993, the members of the Canadian Chemical Manufac- 
turers Association reduced chemical emissions from pro- 


Table 3.3 

PAC Investments by Industry, 1985-1993 

Industry 1985 1986 1987 1988 1989 1990 1991 1992 1993 
thousand dollars 

Forestry x = 72 x x 740 Xx x 

Mines 40 814 87 796 51 829 78 015 71 455 64 350 58 134 

Food and beverages x x 12 846 4973 x x 9 724 33 501 15 149 

Paper and allied products 31 204 35 671 37 759 95 394 171 625 489 810 400 052 278 539 281 795 

Primary metals 54511 57 721 73 419 121 427 258 519 395 750 259 860 198 926 107 483 

Fabricated metal products 4 852 7 451 7 482 7 844 10 843 6 008 x x Xx 

Transportation equipment 1977 19 553 5 194 16 288 15 464 14 037 15 695 1 870 10 450 

Non-metallic mineral products 2 536 3 693 x 3 287 4137 1 568 x x x 

Refined petroleum and coal products 1 236 Xx 3 028 3201 x 12 699 17 935 16 423 22 955 

Chemical and chemical products 11 642 31 448 24 120 31 122 123 991 29 081 37 777 68 967 77 388 

Other manufacturing industries 3 139 10 830 7 004 9 340 20 843 26 817 26 329 23 153 14 301 

Electricity, gas and other utilities Xx 2 503 x 64 885 99 346 177 033 378 119 504 779 457 659 

Other non-manufacturing industries 19 499 18 301 8 350 41119 9 463 9 846 15 172 49 372 26 627 

Total 140 565 ! 193 010! 224 155 486 748 784 327 1 265 934 1 240 105 1 245 258 1 080 827 

Note: 

1. The totals prior to 1987 do not include the mining industry. 

Sources: 

Statistics Canada, Investment and Capital Stock Division and National Accounts and Environment Division. 
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Table 3.4 


PAC Investments as a Proportion of Total Investments, 1985-1993 


Industry 1985 


1986 


1987 1988 1989 1990 1991 1992 1993 


percent 
CO 


Forestry 

Mines 

Food and beverages x 
Paper and allied products 1.5 
Primary metals 3.4 
Fabricated metal products 0.8 
Transportation equipment 0.2 
Non-metallic mineral products ved 
Refined petroleum and coal products 0.4 
Chemical and chemical products 1.3 


Calf 


- - x 0.6 x x 
3.9 5.9 3.9 Ue 8.9 4.5 3.7 
lei 0.4 x x 0.7 2.1 1.1 
ils) 2.6 3.1 11.4 12.6 10.3 12.6 
4.9 7.9 11.0 13.6 10.6 13.9 10.7 
1.6 ivf 2.6 1.8 Xx x x 
0.2 0.6 0.6 0.9 0.8 0.1 0.3 

x 0.7 0.7 0.3 x x x 
0.5 0.5 x 1.3 1.8 2.6 5.8 
ee PAT 7.6 1.6 2.0 4.1 4.5 


Electricity, gas and other utilities x x x 0.6 0.9 1.5 3.0 17.1 13.9 


Sources: 


Statistics Canada, Investment and Capital Stock Division and National Accounts and Environment Division. 


Figure 3.2 
PAC Investment in the Primary Metals 
Industry, 1985-1993 


million dollars 
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1985 1986 1987 1988 1989 1990 1991 1992 1993 


Sources: 
Statistics Canada, Investment and Capital Stock Division and National Accounts and En- 
vironment Division. 


duction by 20% compared to 1992, as part of the industry's 
environmental initiative (Canadian Chemical Manufacturers 
Association, 1993) 


The mining industry 


The mining industry was not fully covered by the Capital Ex- 
penditures Survey by asset category until 1987. Since then, 
this industry has accounted for a considerable proportion of 
total PAC expenditures. In 1987, the industry invested 
$40.8 million in PAC (Table 3.3), or close to 4% of its total 
capital expenditures. This percentage peaked in 1991, 
when almost 9% of all capital investments were capital PAC 
expenditures (Table 3.4). 
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Figure 3.3 
PAC Investment in the Chemical and 
Chemical Products Industry, 1985-1993 
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Sources: 


Statistics Canada, Investment and Capital Stock Division and National Accounts and En- 
vironment Division. 


Electricity, gas and other utilities 


PAC expenditures in this industry reached very high levels 
after 1988. Ontario Hydro's impact is significant: with $177 
million in PAC expenditures in 1990, the industry's percent- 
age of total PAC investments reached 14%. Ontario Hydro's 
expenditures had increased the industry's share of total 
PAC expenditures to 40% by 1993 (Table 3.3). 


The Point Aconi plant in Nova Scotia, in operation since 
1994, is an example of the type of expenditures made in this 
industry. The plant, with a total capacity of 165 megawatts, 
burns coal, using a more “environmentally friendly” process. 
The process produces 90% less sulphur dioxide emissions 
and over 65% less nitrogen oxide emissions than traditional 
plants (Environmental Digest, 1993). 
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1988 


Province/Terttory =.) 100 ee 


x 

x 
9721 
25 333 
85 657 
226 230 
14 183 
5 865 
23 641 
73 440 
102 


Table 3.5 

PAC Investments by Province and Territory, 1985-1993 
Province/Territory 1985 1986 1987 
Newfoundland x 2 628 9 266 
Prince Edward Island x Xi x 
Nova Scotia x 6 397 x 
New Brunswick 1935 3 288 11 825 
Quebec 55 206 48 000 69 677 
Ontario 59 421 106 981 84 809 
Manitoba x 1677 3072 
Saskatchewan 353 1 556 3 487 
Alberta 9 794 15 462 7773 
British Columbia 3 386 6 943 25 160 
Yukon x x x 
North West Territories x x 6 482 


140 565 193 010 224 155 


15 991 
486 748 


1989 1990 1991 1992 1993 
thousand dollars 

x 20 242 x x x 

x x x x x 

x 6112 x x 18 183 

13 105 9 408 x 78 417 31 085 
195 027 255 859 121 516 159 530 163 260 
386 824 501 272 678 566 577 388 481 893 
10 703 x 5 566 12 298 18 209 
8 161 x 24 219 Xx x 
44118 25 394 24611 84 570 128 752 
113 351 399 510 327 910 212 559 205 955 
x 2231 x x x 

1 423 7 080 1351 x 571 


784 327 1 265 930 1 240 110 1 245 260 1 080 830 


Canada 


Sources: 


Statistics Canada, Investment and Capital Stock Division and National Accounts and Environment Division. 


During the 1970s, the demand for electricity was increasing 
and acid-gas emissions peaked in 1982 at 531 thousand 
tonnes. At that point, the Ontario government began regu- 
lating these emissions. Between 1982 and 1990, Ontario 
Hydro reduced its emissions by 50%. This decrease contin- 
ued into the early 1990s due to the imposition of a limit of 
280 thousand tonnes for the years 1990-1993 and 215 
thousand tonnes in 1994. 


Results by province 


The Atlantic provinces account for a relatively low propor- 
tion of pollution abatement and control capital expenditures. 
However, from 1985 to 1993, this percentage increased 
from 3% to 10% of total PAC expenditures (Table 3.5). In 
1985, Quebec accounted for 39% of private-sector PAC in- 
vestments. After 1986, this percentage dropped to 25% of 
private-sector investments and subsequently fluctuated be- 
tween 10% and 25% of the national total. Ontario account- 
ed for 40% to 60% of private-sector PAC investments. The 
British Columbia situation is interesting because in 1985, it 
accounted for only 2% of Canada's private-sector PAC in- 
vestments and in 1990 was 32%, subsequently falling to ap- 
proximately 19%. This result is largely due to paper and 
allied products industry investments. 


The public and private sectors in 
contrast 


Although analysis of public-sector environmental expendi- 
tures is not the purpose of this study, it is interesting to note 
certain differences between private-sector and public-sec- 
tor data. Governments invest mainly in anti-pollution activi- 
ties, waste treatment facilities, sewer systems and 
sanitation equipment. These investments grew at an aver- 
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age rate of 6% per year between 1985 and 1992 (Figure 
3.4). In comparison, there was an annual average increase 
of 29% in private-sector investments for the same period. In 
1985, only 13% of PAC investments were made by the pri- 
vate sector. In 1989 and 1990, approximately 40% of PAC 
investments came from the private sector (Figure 3.5). 


Methodology 


The data used in this article are from Statistics Canada's 
annual Capital Expenditures Survey. The survey is not spe- 
cifically designed to assess environmental expenditures by 
companies but rather to estimate expenditures made by 
companies for certain assets. Some of those assets were 
considered to be PAC-related assets (Text Box 3.1). How- 


Figure 3.4 
Public-sector PAC Investments, 1985-1992 
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Sources: 
Statistics Canada, Investment and Capital Stock Division and National Accounts and En- 
vironment Division. 
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Figure 3.5 
Public and Private-sector PAC Investment, 
1985-1992 


percent’ 


1992 


1985 1986 1987 1988 1989 1990 


E43 Public sector BM Private sector 


Note: 

1. Public or private PAC investment as a proportion of total PAC investment. 

Sources: 

Statistics Canada, Investment and Capital Stock Division and National Accounts and En- 
vironment Division 


ever, some activities may fall within a category of assets 
deemed non-environmental but which have an environmen- 
tal purpose (purchase of a ventilator, for example). These 
were not included as PAC expenditures. The expenditures 
assessed in this study are therefore assessed on the basis 
of a lower limit of environmental expenditures by compa- 
nies. 


Another Statistics Canada survey for the year 1989 asked 
respondents to indicate their PAC capital expenditures. The 
1989 Pollution Abatement and Control Survey estimated 
private-sector PAC expenditures at $1.1 billion, which is 
40% higher than expenditures in the Capital Expenditures 
Survey. This difference can be explained by the nature of 
the 1989 survey. That survey specifically asked respond- 
ents to estimate their PAC expenditures. In such a case, 
one might expect to obtain higher expenditures than for a 
survey whose objective is to measure total capital expendi- 
tures per asset category, and for which PAC expenditures 
are estimated on the basis of the asset category data. 


Conclusion 


For several industries, pollution abatement and control cap- 
ital expenditures have increased both in absolute terms and 
as a percentage of their total investments since the late 
1980s. This increase occurred within a context of general 
public awareness of environmental problems. In addition, 
stricter regulation of certain industries that pollute was im- 
plemented in the early 1990s. 


Nonetheless, the ability to interpret pollution abatement and 
control expenditures is limited. These expenditures repre- 


sent a minimum value of total PAC expenditures. Several 
other expenditures cannot be isolated, given the complexity 
of the environmental decision-making process. Although in- 
vestments made by companies are a useful indication, the 
real measure of changes in environmental activity is not the 
assessment of PAC expenditures, but rather the measure- 
ment of the quantities of polluting substances emitted by the 
industries. 
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4 Environmental Aspects 
of Consulting 
Engineering and 
Scientific and Technical 
Services 


by Craig Gaston 


Until recently, public awareness of environmental issues 
was negligible. Today, communities, governments and 
businesses are called upon to act more responsibly towards 
the environment. This has given rise to a broad spectrum of 
goods and services which help government and business 
act in an environmentally responsible manner. The produc- 
ers of these goods and services can be grouped under the 
general label of the “environment industry” (Text Box 4.1). 


The environment industry is not identified as an industry in 
the Standard Industrial Classification (SIC) since it defines 
an industry as a group of establishments that produce a nar- 
row and relatively homogenous range of goods or services. 
Rather, the environment industry consists of a broad range 
of companies involved in producing a wide variety of goods 
and services used to monitor, improve and protect the envi- 
ronment. In fact, for some companies, the majority of their 
production is in goods and services not exclusively used for 
environmental purposes. As a consequence, these compa- 
nies are scattered throughout the industry classes of the 
SIC. Some SIC classes have concentrations of these com- 
panies. Such is the case of the two Standard Industrial 
Classification Industries featured in this chapter: the con- 
sulting engineering and the scientific and technical services 
industries. ' 


The type of environmental service provided by both the con- 
sulting engineering firm and the scientific services firm is 
usually geared to the needs of the client. For example, local 
government departments and businesses in the waste 
management industry use the services of these firms in: the 
selection of landfill sites, managing the incineration of solid 
and hazardous wastes, managing air and water pollution, 
the construction and management of transfer stations, the 
treatment of water and wastewater (physical separation, 
membrane filtration, etc.), the analysis of trends in waste 


1. Statistics Canada is developing a fuller data base on the environment 
industry that will provide more current and in-depth information. This 
project is part of the Environmental Industry Strategy coordinated by 
Industry Canada and Environment Canada. 


| Text Box 44 _ 
_ the Environment rinanety 


_ industry in co Standard industrial Classification nei) 
a he ake of sic reflects the boa ao 


j companies according to the end use of 
ee services. (n Contrast the environ- 


. produced ar not mons used for ‘cavrenmenial a | 
_ is no official definition 


management, the examination of energy alternatives and 
the development of environmental technologies for the fu- 
ture. Consulting engineers and scientific technicians are 
also involved in the development of pollution prevention 
methodologies, the identification of costs and liabilities of 
not initiating prevention programs, the assessment of con- 
taminated sites, the clean-up of environmental disasters, 
the compliance to environmental regulations and the devel- 
opment of federal and provincial environmental regulations. 
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Table 4.1 
Consulting Engineering Firms: Summary 
Statistics, 1991 


Environmental Other 
specialists firms 
Total revenues ($000) 394 514.0 3 083 250.0 
Number of employees 3 706.0 36 166.0 
Number of firms 65.0 458.0 
Revenue per employee ($000) 106.5 85.3 
Revenue per firm ($000) 6 069.4 6 732.0 
Number of employees per firm 57.0 79.0 
Export share of fee income (percent) 8.2 13.5 
percent 
Type of service 
Turnkey projects 0.6 10.3 
Environmental advisory services 42.1 2.6 
Other advisory services 11.9 13.7 
Environmental design services 20.3 3.1 
Other design services Walee 46.6 
Construction management 6.7 4.8 
Project management services 4.6 9.0 
Supplementary services 0.8 2.8 
Sale of software products 0.2 0.9 
Other 1.3 J 2 
Total 100.0 100.0 


Note: 

Figures may not add due to rounding. 

Sources: 

Statistics Canada, National Accounts and Environment Division and Services, Science 
and Technology Division. 


Consulting engineering services 


Consulting engineers provide a variety of services in the 
planning, design, advisory, construction and management 
of structures and processes. Consulting engineering firms 
supply services to almost every sector of the Canadian 
economy, and the structure of the industry is changing rap- 
idly. In particular, growth is occurring in services that have 
not traditionally been provided by consulting engineering 
firms. These areas include, among others, environmental 
services. This movement has been mainly driven by gov- 
ernment legislation to protect the environment and by public 
concern. Information on consulting engineering firms has 
been compiled from Statistics Canada’s Survey of Consult- 
ing Engineers. ' 


Firms which specialized in environmental services? ac- 
counted for over 11% of the fee income of all consulting en- 
gineering firms in 1991 and for over 12% of all firms in the 
survey. Environmental consulting firms tended to be small- 
er, on average, than their counterparts but their revenues 
per employee were almost 25% higher than other consult- 
ing engineering firms. 


1. The Survey of Consulting Engineers is conducted annually by Statistics 
Canada. It collects data on over 500 companies. 

2. For the purpose of this paper, a firm specializes in environmental services 
if environmental services were the largest single source of fee income in 
the year examined and accounted for at least one-third of fee income. 
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Firms specializing in environmental services tended to pro- 
vide advisory services (42% of fee income) whereas other 
consulting engineering firms were more inclined to provide 
design services (47%) (Table 4.1). This reflects the fact that 
many environmental services are of an advisory nature. In 
addition, the low percentage of revenues for design servic- 
es in environmental service companies reflects the difficulty 
of isolating the environmental aspects of many engineering 
design projects. For this reason, environmental service rev- 
enues and indeed the number of companies specializing in 
environmental services, may be understated. 


Although the occupational composition of the workforce 
was similar for firms specializing in environmental services 
and other firms, the percentage of full-time workers was 
much higher for the former in 1991 (Table 4.2). Other firms 
relied much more heavily on part-time and contract work- 
ers. It should also be noted that firms which specialize in en- 
vironmental services used relatively more technicians and 
fewer engineers and other professionals. 


Table 4.2 
Employment in Consulting Engineering 
Firms, 1991 


Environmental Other 
specialists firms 
percent 
Full-time employees 90.3 78.6 
Part-time employees 5.4 13.5 
Contract 4.3 Ul 
Working owners - 0.2 
Total 100.0 100.0 
Occupation 
Engineers, Professional 30.1 32.2 
Engineers, Other 2.3 3.7 
Other professionals 6.8 8.4 
Technicians and technologists 39.3 33.4 
Administrative 18.7 16.8 
Other 2.8 5:5 
Total 100.0 100.0 


Note: 

Figures may not add due to rounding. 

Sources: 

Statistics Canada, National Accounts and Environment Division and Services, Science 
and Technology Division. 


In 1991, firms specializing in environmental services earned 
only 8.2% of their revenues from foreign projects compared 
to 13.5% for other consulting engineering firms (Table 4.1). 
Foreign projects carried out by firms specializing in environ- 
mental services were largely self-financed or financed from 
private Canadian sources. This contrasts with the more di- 
verse sources of funding for other consulting engineering 
firms (Table 4.3). 


Scientific and technical services 


The scientific and technical services industry supplies a 
broad range of clients with a wide variety of activities from 
remote sensing services to the provision of environmental 
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Table 4.3 
Source of Financing of Foreign Projects, 
1991 


Environmental Other 

Source specialists firms 
percent 

CIDA 3.1 16.9 
Export Development Corporation - 8.4 
World Bank - 527, 
Regional development banks ¢ 1.8 
United Nations specialized agencies or programs - 0.5 
Foreign governments = 11.8 
Private foreign source PT 29.5 
Private Canadian source 24.8 8.9 
Self financed 69.3 15.9 
Other 0.1 0.6 
Total 100.0 100.0 
Note: 
Figures may not add due to rounding. 
Sources: 


Statistics Canada, National Accounts and Environment Division and Services, Science 
and Technology Division. 


services. Specific environmental services include oceanog- 
raphy, meteorology, climatology, pollution research, labora- 
tory testing and assessment and other environmental 
services. 


The degree of specialization in environmental services with- 
in the scientific and technical services industry (STS) was 
much higher than the specialization within the consulting 
engineering industry. However, the total contribution to in- 
dustry income of environmental STS firms was less than 5% 
in 1991. These firms provide the services listed in Table 4.4. 
The most important service is pollution and other environ- 
mental research, laboratory testing and assessments. Infor- 
mation presented here has been tabulated from Statistics 
Canada’s Survey of Scientific and Technical Services. 


Table 4.4 
Scientific and Technical Services Firms: 
Summary Statistics, 1991 


Environmental Other 
specialists firms 
Total revenues ($000) 81 967 1 665 438 
Number of employees 974 19 907 
Number of firms 27 347 
Revenue per employee ($000) 84 84 
Revenue per firm ($000) 3 036 4 800 
Number of employees per firm 36 57 
percent 
Type of service 
Oceanography 1.3 0.1 
Meteorology 0.5 
Climatology 0.3 
Pollution and other environmental research, 39.9 0.3 
laboratory testing and assessment 

Other environmental services 46.4 0.2 
Other services 11.6 99.4 
Total operating revenues 100.0 100.0 
Note: 
Figures may not add due to rounding. 
Sources: 


Statistics Canada, National Accounts and Environment Division and Services, Science 
and Technology Division. 
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Environmental STS firms relied more heavily on profession- 
als than did environmental consulting engineering firms and 
within the STS industry, environmental specialist firms had 
relatively more professionals (46%) than other STS firms 
(37%) (Table 4.5). 


Employee remuneration costs tended to be relatively higher 
for firms specializing in environmental services (53% of total 


Table 4.5 
Employment in Scientific and Technical 
Services Firms, 1991 


Environmental Other 
specialists firms 
percent 

Full-time employees 82.4 80.5 
Part-time employees 6.0 10.6 
Contract 11.6 8.8 
Working owners - 0.2 
Total 100.0 100.0 
Occupation 
Professionals 46.2 36.9 
Technicians 35.4 35.0 
Administrative support 15.7 16.4 
Other at 11.4 
Total 100.0 100.0 
Note: 
Figures may not add due to rounding. 
Sources: 


Statistics Canada, National Accounts and Environment Division and Services, Science 
and Technology Division. 


expenses compared to 47%), possibly a result of the higher 
percentage of professionals in these firms. This difference 
was offset mainly by relatively lower share of materials and 
supplies and depreciation costs. 


The distribution of revenues according to the industry of the 
client is a characteristic that distinguishes environmental 
specialists from the rest of the STS industry. The former 
earned 29% of their operating revenues from services to 
governments whereas the latter earned only 14% from this 
source in 1991 (Table 4.6). 


Table 4.6 
Source of Revenues of Scientific and 
Technical Services Firms, 1991 


Environmental specialists Other firms 
percent 

Governments 28.6 14.0 
Private sector 58.7 72.8 
Individuals lez 1.8 
Foreign ; 10.9 ines} 
Total 100.0 100.0 
Note: 
Figures may not add due to rounding. 
Sources: 


Statistics Canada, National Accounts and Environment Division and Services, Science 
and Technology Division. 
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Conclusion 


This brief review shows that environmental revenues were 
a small but important part of the consulting engineering in- 
dustry and a very minor part of the scientific and technical 
services industry in 1991. An analysis of the period 1989- 
1994 is under way. 


Reference 
Organisation for Economic Co-operation and Development, 


1996, The Global Environmental Goods and 
Services Industry, Paris. 
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5 Households and the 
Environment: Canada 
and Australia 


by Bruce Mitchell 


Introduction 


Canada and Australia, despite being at opposite ends of the 
earth, share many common characteristics of culture, econ- 
omy, geography and environment. 


Canada and Australia are large countries with small popu- 
lations. In each country those populations are locally con- 
centrated with the great intervening expanses having few 
residents. The distances have shaped the evolution of so- 
cial and economic interactions and the nature of transporta- 
tion systems. The automobile, for example, plays an 
important part in the daily lives of many citizens of each 
country. 


Both nations have European origins overlaid on a base of 
native aboriginal cultures. Multicultural influences in recent 
years have brought about major socio-cultural changes. 
Each country has the good fortune to be well endowed with 
a variety of natural assets including metals, hydro-carbons, 
forests, and fertile soils. The economies of Canada and Aus- 
tralia have traditionally been based on the extraction of nat- 
ural resources and on agriculture. Strong manufacturing 
sectors utilising highly skilled labour forces developed to 
serve growing domestic and export markets by the mid part 
of this century. In each country the manufacturing sector 
has been under pressure lately in the face of strong interna- 
tional competition. 


Environmental influences play a strong role in shaping ac- 
tivities in each country. In Canada, cold, snowy winters af- 
fect most things Canadians do and limit activities for much 
of the year. In Australia the limited availability of water in 
many areas and the frequent periods of drought have influ- 
enced the behaviours of farmers and other householders, 
as well as the patterns of settlement. 


In both Canada and Australia, the natural environment! has 
a relatively high public profile. It appears frequently in art, lit- 
erature and popular culture. In addition, environmental top- 
ics appear prominently in the curricula of Canadian and 
Australian schools. This widespread interest is also reflect- 


1. Especially wilderness areas such as the Arctic and boreal forests in Can- 


ada and the Outback in Australia. 
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ed in the degree of participation in environmentally related 
activities - as revealed by relevant surveys taken in each 
country. 


In recent years, Statistics Canada and the Australian Bu- 
reau of Statistics have each undertaken new household 
surveys on the environment. These surveys look at some 
aspects of household facilities, products and behaviours 
that are considered to be relevant from an environmental 
perspective. 


In each case, the survey was conducted as a supplement to 
the labour force activity survey of the population.? Environ- 
ment surveys were conducted in Canada in May 1991 and 
May 1994. The Australian Bureau of Statistics ran environ- 
ment surveys in May 1992 and June 1994. 


Data are also collected in other surveys that provide useful 
information for environmental analysis. For example, a 
number of measures on energy use around the home that 
are collected by the Australian environment survey are 
gathered by the Household Facilities and Equipment Sur- 
vey in Canada. 


The purpose of this chapter is to examine the environmen- 
tally relevant behaviours of Canadian and Australian house- 
holds, highlighting the many similarities as well as the 
differences that are the result of the unique environmental 
conditions present in the two countries. 


The surveys themselves have enough commonality in 
terms of the questions asked, methodology, and sampling 
that comparisons are judged to be reasonable. Neverthe- 
less, the reader is urged to remember that the data present- 
ed here were not collected using exactly the same 
procedures and were not originally intended to be com- 
pared. Caution in interpreting the results is advised. 


The subjects covered in this paper include the 1) use of en- 
ergy and selected energy intensive appliances around the 
home, 2) water use, and 3) waste management practices. 


Energy use 


Australia and Canada share the distinction of being among 
the largest per capita users of energy in the world. Among 
the 25 member countries of the Organisation for Economic 
Co-operation and Development (OECD) for 1993, Canada 
was the third highest consumer of energy? at 5.84 tonnes of 
oil equivalent per capita and Australia was tenth at 3.55 
tonnes per capita (OECD, 1995a; p. 199, 283). These fig- 
ures are influenced by the industrial economies and the 
small populations of each country. However, lifestyle con- 
siderations also come into play. Space heating and cooling, 


2. Titled the Labour Force Survey in Canada and the Survey of Population in 
Australia, these are sample surveys that regularly measure labour force 
participation. 

3. Final consumption of energy. This is the end use sector's consumption and 
excludes energy used for own use by energy producing industries and for 
transformation. 
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household appliances, and motor vehicles are the major el- 
ements of the energy consumption by households. 


Table 5.1 presents per capita information for OECD coun- 
tries on the final consumption of energy, the use of motor 
gasoline and residential energy use. 


Table 5.1 
Energy Consumption Measures for Canada, 
Australia and Other OECD Countries, 1993 


Final Motor Residential 
consumption gasoline energy 
Country Population of energy use use 
thousands tonnes of oil equivalent per person 
Luxembourg! 395 9.25 1.42 1.40 
Iceland? 262 6.87 0.54 2.39 
Canada 28 947 5.84 0.92 1.05 
United States 257 908 5.45 1.29 0.96 
Finland 5 066 4.58 0.39 1.02 
Norway 4312 4.25 0.41 0.84 
Sweden 8718 3.93 0.51 0.95 
Belgium 10 084 3.61 0.30 0.89 
Netherlands 15 300 3.60 0.26 0.68 
Australia 17 657 3.55 0.76 0.45 
New Zealand 3 480 3.07 0.58 0.34 
Germany 81 190 3.00 0.41 0.76 
Denmark 5 189 2.89 0.38 0.88 
Austria 7991 2.83 0.34 1.05 
France 57 667 2.64 0.31 0.42 
United Kingdom 58 191 2.61 0.44 0.71 
Japan 124 670 2.54 0.30 0.36 
Ireland 3 560 2.22 0.29 0.55 
Italy 57 070 2.13 0.30 0.56 
Spain 39 083 1.61 0.24 0.20 
Greece 10 368 1.49 0.27 0.28 
Portugal 9 887 1.36 0.19 0.18 
Mexico 91 210 1.11 0.26 0.20 
Turkey 59 490 0.80 0.07 0.27 
Notes: 


1. Luxembourg's taxes on certain fuels are lower than in surrounding countries. This may 
be a factor involved in the apparently high per capita consumption rates. 

2. Iceland includes geothermal power in the residential energy figures. 

Sources: 

OECD, 1995a, 1995b and 1995c. 


Characteristics of climate in Australia and Canada lead to 
high levels of residential energy consumption. Necessity 
demands that extreme temperatures be moderated to allow 
people to survive, but our affluent lifestyles demand comfort 
over and above this. In the case of indoor temperatures, this 
means achieving a degree of stability year-round as afford- 
ed by efficient heating and cooling systems. 


As Table 5.1 illustrates, Canada’s per capita residential 
consumption of energy! is relatively high. This level of use 
also occurs in a number of cold climate countries including 
Finland, Sweden and the United States. 


Compared to Canada’s residential energy use per capita 
figure of 1.05 tonnes of oil equivalent per person, Australia’s 


al 


. The residential consumption figures include all residential use of energy 
for space heating, space cooling, water heating, operation of appliances 
and lighting. They do not include energy used in the operation of motor 
vehicles; these figures are presented separately. 
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figure of 0.45 tonnes per person is modest. However, the 
Australian number exceeds that of all the other OECD coun- 
tries with similar climates, Portugal, Spain, Turkey, and 
Greece. The Australian figure is also higher than several 
countries with cooler climates, including Japan, France and 
New Zealand. 


All Canadian households and most Australian ones use 
some form of heating during the winter months. The colder 
Canadian winter sees Canadians consuming more energy 
per capita than Australians for space heating. However, in 
the parts of Australia with the lowest average winter temper- 
atures, highland New South Wales and Victoria, the Aus- 
tralian Capital Territory (A.C.T.) and Tasmania, household 
heating requirements in winter probably approach the levels 
required in the mildest part of Canada?. 


In the summer months, periods of extreme heat are com- 
mon in much of Australia and in many parts of Canada and 
air conditioning systems are used by many households in 
these areas. 


Table 5.2 
Heating and Cooling in Dwellings, 1994 
Canada Australia 
percent 

Heating available in dwellings 100.0 83.8 

Principal form of heating for heated dwellings 
Piped and bottled gas 47.5 38.0 
Electricity 33.0 35.5 
Oil 14.5 3.7 
Wood 4.7 21.0 
Other 0.3 1.8 

Air conditioning in dwellings 26.8 32.5 


Sources: 
Statistics Canada, 1995a. 
Australian Bureau of Statistics, 1995. 


One hundred percent of Canadian homes had a source of 
space heating in 1994 while the figure for Australia was 
83.8% (Table 5.2). However in the temperate Australian 
States of Victoria and Tasmania it was 99.4% and 99.8% re- 
spectively and 99.6% in the A.C.T. On the other hand, only 
19.2% of dwellings in the tropical Northern Territory had 
some form of heating. 


Some form of air conditioning was available in 32.5% of 
Australian homes while in Canada the figure was 26.8% in 
1994. Again, there are regional variations related to climate. 
Ontario’s hot, humid summers contribute to the fact that 
48.1% of the province’s homes had air conditioners. In the 
Northern Territory of Australia 76.4% of homes had air con- 
ditioning. Areas that have hot, but less humid summers, 
have lower levels of air conditioner ownership in both coun- 
tries. For example, in the Australian Capital Territory only 
16.7% of homes had air conditioners while in Alberta air 
conditioners were present in only 8.2% of homes.°? 


2. The southern coast of British Columbia. 

3. The average mid-summer maximum temperature in Medicine Hat, Alberta 
is 26°C, 23°C in Calgary, and 28°C in Canberra in the A.C.T. Both Medi- 
cine Hat and Canberra have experienced extreme maximum temperatures 
of 42°C; however high humidity rarely accompanies the summer heat. 
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In both countries motor vehicles are major contributors to 
high per capita levels of energy consumption. In the face of 
low population densities in rural areas and relatively low ur- 
ban densities especially in post-war suburbs, the automo- 
‘bile has been perceived to be the most efficient means of 
transportation in each country and a necessity for many 
households. Growing affluence in each country in the post 
WWII period has been accompanied by an increasing pro- 
portion of automobiles per capita. 


Table 5.1 presents consumption of motor vehicle gasoline@ 
on a per capita basis® for a number of OECD countries. 
Among the countries presented, Canada and Australia rank 
third and fourth respectively behind Luxembourg and the 
United States. 


Canada and Australia are also among the leaders in terms 
of passenger vehicles in use per capita. Canada has 470 
vehicles per thousand persons while the Australian figure is 
460. While Canada and Australia trail the United States in 
this regard (570 vehicles per thousand people), they lead all 


other OECD members including France (420 vehicles per. 


thousand persons), Sweden (410 vehicles per thousand 
persons), the United Kingdom (350 vehicles per thousand 
persons) and Japan (330 vehicles per thousand persons) 
(OECD, 1995a; p. 217, 283). 


Household appliances are also major consumers of resi- 
dential energy. Table 5.3 illustrates the degree to which a 
number of energy intensive home appliances are present in 
Canadian and Australian households. Refrigerators are 
practically universal items in the households of each coun- 
try. Additional fridges are also present in many homes. 
Freezers are also popular in both countries. About 45% of 
Australian households have freezers while the number is 
higher in Canada, at about 59%. 


Washing machines are present in 79% of Canadian homes 
and 94% of Australian ones. Energy used in washing ma- 
chines is dependent on the style of the machine (front vs. 
top loading) as well as the temperature of the water used in 
the washing and rinsing. 


Clothes dryers are found in three out of four Canadian 
households while the number is about one out of two house- 
holds in Australia. The difficulty of drying clothes outside in 


—- 


. The number of passenger vehicles per thousand persons in Canada 
increased from 140 in 1950 to 230 in 1960 and to 420 in 1980. In 1993 
there were 470 passenger vehicles per 1000 persons. In Australia there 
were 90 passenger vehicles per thousand people in 1950, 190 in 1960, 
400 in 1980 and 460 in 1993. 

. Diesel is also used to fuel private and commercial vehicles. In some Euro- 

pean countries, diesel is somewhat more popular for private vehicles than 

in Canada or Australia. In Canada 0.21 tonnes oil equivalent (toe) of diesel 
per capita were used in 1993. This is about the same as the figures for the 

United Kingdom, Sweden, Ireland and Japan. In Australia, 0.26 toe of die- 

sel per capita were used in the same year. In Germany the figure was 0.27, 

in France 0.31 and in Belgium 0.39 toe diesel per capita were used 

(OECD, 1995a). 

It should be noted that this figure covers all gasoline consumption by motor 

vehicles and will therefore include a portion of commercial use as well as 

amounts used by households. 


ho 


o 
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Table 5.3 
Households with Appliances, 1994 

Canada Australia 

percent 
Refrigerators 99.4 99.7 
Two or more refrigerators 19.4 23.9 

Freezers 58.8 44.9 
Dishwashers 46.4 25.1 
Clothes dryers 75.4 51.7 
Washing machines 79.3 94.2 
Sources: 


Statistics Canada, 1995b; p. 18. 
Australian Bureau of Statistics, 1995; p. 46. 


Canadian winters is probably a factor contributing to the dif- 
ference. 


Dishwashers use energy not only to operate the motor and 
pump but also to heat the water and dry the dishes. Auto- 
matic dishwashers are somewhat more popular in Canadi- 
an households than Australian ones. Forty-six percent of 
Canadian homes have dishwashers compared to 25% of 
Australian homes. 


Water use 


The amounts of water used by residential activities are usu- 
ally relatively small when compared to uses by agriculture 
and industry. For example, in 1991 in Canada (Johnson, 
1995) only 7% of total water withdrawals were for domestic 
use while agriculture, manufacturing and thermal power 
generation accounted for 88% of withdrawals. Only 11% of 
the water withdrawn came from municipal sources, the rest 
was self supplied. However, because water must meet high 
standards of quality to be usable for human consumption, 
most of the water used for domestic purposes comes from 
municipal sources and more than half of the treated water 
produced by municipalities is used by the personal sector 
(54.8%). 


In Australia, figures available for 1987° indicate that domes- 
tic use accounted for about 7% of total water use (Australian 
Water Resources Council, 1987). 


Water conservation at the household level is an issue both 
because of overall limitations of water availability in Austral- 
ia and Canada® and because increases in demand require 
the expansion of water and sewage treatment capacity. 


According to Environment Canada estimates, about 75% of 
water used in the home is for bathroom and toilet use, 20% 
is used for laundry and 5% for cooking and drinking. Water- 
ing lawns and gardens would have a significant seasonal 
impact on these figures. In Australia, for example, an esti- 


4. Because the Australian and Canadian estimates of domestic water con- 
sumption were developed independently using different methodologies, 
caution should be used in any comparisons of the numbers. 

5. Although this is more of a concern in Australia, parts of Canada, the south- 
ern Prairies in particular, often face shortfalls in water availability due to 
low flow rates in rivers and limitations of groundwater supplies. 
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mated 55% of the total household water consumed by Can- 
berra households is used outside around the home. In 
Melbourne the figure is 38% while in Perth it is 42% 
(CSIRO, 1992). 


Water conservation practices at the household level in both 
Canada and Australia are targeted at the more efficient use 
of water in the bathroom, laundry and around the home. 


Conventional North American toilets use about 18 litres of 
water per flush and are major household water users. Sig- 
nificant savings in water can be made by reducing the 
amount of water that toilets use. This can be done by mod- 
ifying the water volume held in the tank of the existing toilet 
(by adding an object to displace water, a brick in a plastic 
container, for example) or by installing a toilet that uses less 
water in the first place. Some of the new low flush models 
use as little as 6 litres of water. 


In several Australian States new toilets installed must be of 
the low or dual-flush! type. Consequently the 1994 Austral- 
ian Environment Survey found that 39% of households in 
Australia have dual flush toilets, with the percentage reach- 
ing 51% in the State of Victoria and 48% in South Australia. 
In addition, 2% of Australian households reported adding an 
object to the toilet tank to reduce flows in that way. 


In Canada, the degree of adoption of this water saving tech- 
nology is more modest. As Table 5.4 shows, the 1994 
Household Environment Survey found that 15% of Canadi- 
an households had a low-flow toilet or had made modifica- 
tions to the tank to reduce the flow. Alberta households 
have the highest rate of use of these items at 21%. 


Water use for bathing can be reduced in several ways in- 
cluding taking shorter showers or using less water in the 
bath tub. Another way is to reduce the flow rate of the show- 
er by using a low-flow showerhead. A typical showerhead 
uses about 20 litres of water a minute (Australian Bureau of 
Statistics, 1995; p. 75). Low-flow showerheads can reduce 
the flow down as low as 7 litres per minute while still main- 
taining a degree of washing efficiency. In addition, by reduc- 
ing the amount of hot water consumed, low-flow 
showerheads also reduce the energy used to heat water. 


In Australia, about 22% of households use low flow shower- 
heads with the figure being highest in the Australian Capital 
Territory at about 29%. 


In Canada the figure is somewhat higher with 42% of 
households reporting low-flow showerheads. The energy 
saving aspect of low-flow showerheads has been promoted 
widely by some Canadian energy suppliers. 


Because water-use concerns have a high profile in Austral- 
ia, the Australian Bureau of Statistics environment survey 
asked additional questions that have not been asked in the 
Canadian survey. For example, 13% of Australian house- 
holds said they reuse or recycle water, 15% said they used 


1. Dual flush toilets have dual controls and allow the user to choose between 
a moderate or a low volume flush. 

2. The building code in Ontario now requires that newly installed toilets must 
be low volume ones. 
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Table 5.4 
Water Saving Technology in Households, 
1994 


Low-flush toilet Low-flow 

or object in tank showerheads 

percent 

Canada 14.8 42.3 
Newfoundland 6.0 27.9 
Rew -- 33.3 
Nova Scotia 12.6 40.7 
New Brunswick 11.4 42.4 
Quebec 8.7 46.0 
Ontario 18.0 44.9 
Manitoba 19.4 34.0 
Saskatchewan 12.5 26.6 
Alberta 20.6 32.2 
British Columbia 15.9 43.4 
Australia 40.8 21.8 
New South Wales 32.8 19.5 
Victoria 51.9 21.2 
Queensland 32.9 22.5 
South Australia 49.8 26.1 
Western Australia 48.8 26.1 
Tasmania 32.8 20.6 
Northern Territory - 14.6 
A.C.T. 35.7. 28.6 


Sources: 
Statistics Canada, 1995a. 
Australian Bureau of Statistics, 1995. 


a suds saver on the washing machine, 8% had timers in- 
stalled on garden taps, and 53% used mulch on garden 
beds to reduce the need for watering. In summary, 45.7% 
of households said they used some method of conserving 
water in the dwelling while 84.1% of households with gar- 
dens said they used at least one water conservation meas- 
ure in the garden. 


Waste management practices 


The consumer orientation of Canadian and Australian soci- 
eties is reflected by the high levels of household waste gen- 
erated. Household waste statistics collected in Canada and 
Australia are not strictly comparable, however estimates 
produced by the OECD place the two countries among the 
top per capita generators of municipal waste (OECD, 
1995a; p. 151): 


In response to environmental concerns and the difficulty of 
developing new disposal sites, local governments in both 
Canada and Australia have been active in developing recy- 
cling programs to reduce the amounts of municipal waste 
that is ultimately sent for disposal. 


Canadian and Australian household waste management 
practices are difficult to compare because the questions 
and definitions used in Canadian and Australian household 
environmental surveys are slightly different. In addition, the 
Australian survey rotates the subjects examined from sur- 


Environmental Perspectives 


Households and the Environment: Canada and Australia 


Table 5.5 

Access to, and Use of Services for Paper 
Recycling by Canadian Households, 1991 
and 1994 


Access to Use program Households 

program where available! recycling paper* 

1991 1994 1991 1994 1991 1994 
percent 

Canada 52.6 69.6 85.8 83.1 45.2 57.9 
Newfoundland 11.3 19.7 - 44.4 == 33.3 
PET 10.6 20.8 = 70.0 - -- 
Nova Scotia 36.8 50.3 70.0 72.5 25.8 36.4 
New Brunswick 17.5 46.7 65.9 58.8 11.6 27.5 
Quebec 33.8 57.2 76.5 74.0 20.9 42.3 
Ontario 7X 83.5 94.5 92.9 68.2 77.6 
Manitoba 40.4 61.0 50.3 48.3 20.3 29.5 
Saskatchewan 37.6 69.3 69.6 73.2 26.2 50.7 
Alberta Stet 71.2 Ul TAsy3} 39.4 54.0 
British Columbia 64.2 74.5 87.3 88.2 56.1 65.7 


Notes: 

1. Households reporting use of paper recycling service as a percentage of those with ac- 
cess to the service. 

2. Households reporting use of paper recycling service as a percentage of all 
households. 

Sources: 

Statistics Canada, 1992 and 1995a. 


vey to survey. The 1992 survey contained questions on 
waste management practices but the 1994 survey did not. 


Nevertheless a broad picture of practices and services 
present does emerge from the data sets that are available. 
Tables 5.5 and 5.6 present statistics on paper recycling by 
Canadian and Australian households. Paper is most com- 
monly collected by recycling programs in the two countries 
and is therefore included in the two tables. 


Recycling programs that include paper among the products 
gathered are now quite common in Canada with almost 
70% of households having access to them in 1994, a figure 
that was up 17% from three years earlier. The relative en- 
thusiasm with which the Canadian public has adopted these 
programs is reflected in the high participation rates where 
these services are available. 


In Australia as well, participation in paper recycling is popu- 
lar with 58% of households involved in this activity in 1992. 
As in Canada, regional availability of services is a major de- 
terminant in the level of recycling participation. The num- 
bers range from a high of 67% in the state of Victoria where 
recycling facilities were widely available at the time of the 
survey, to 27% in the Northern Territory where they were 
not as wide spread. 


The type of service available probably also has an impact 
on participation rates. For example, in Ontario curbside re- 
cycling is widely available. Compared to neighbourhood or 
regional recycling depots, curbside recycling demands 
much less of an effort from the participant so higher partici- 
pation rates might be expected. In fact Ontario featured the 
highest rates in Canada in both 1991 and 1994. 
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Table 5.6 
Recycling by Australian Households, 1992 


No recycling done 


Paper recycling by the household 
percent 

Australia 52.8 15.6 
New South Wales 57.5 17.3 
Victoria 67.1 10.2 
Queensland 36.0 19.0 
South Australia 43.1 16.7 
Western Australia 61.0 12.5 
Tasmania 38.4 19.4 
Northern Territory 27.1 31.3 
A.C.T. 63.3 12.5 


Source: 
Australian Bureau of Statistics, 1993. 


Recycling programs operate most effectively if there is a 
market for the goods collected. In the case of paper, the 
products created from the materials collected include paper 
towels, toilet paper, newsprint, and stationary. For paper 
towels and toilet paper, especially, advertising on packag- 
ing and elsewhere reminds consumers that the products 
have recycled content and makes the point that these items 
are “environmentally friendly”. 


Tables 5.7 and 5.8 present figures on the use of recycled 
paper in households. Again, readers are advised that be- 
cause the Australian and Canadian tables are not precisely 
comparable only general conclusions can be made. 


There are only modest regional variations in the use of re- 
cycled paper products in both Canada and Australia. In 
Canada the use of the products increased from 1991 to 
1994. 


Tables 5.7 and 5.8 also present information on composting, 
another method to reduce the amount of solid waste dis- 
posed. British Columbia, with a milder climate amenable to 


Table 5.7 
Selected Environmentally Friendly Practices 
in Canadian Households, 1991 and 1994 


Regularly purchase paper 


Use a compost heap, 
towels and/or toilet paper compost container 


made from recycled paper or composting service 


1991 1994 1991 1994 
percent 
Canada 45.3 58.3 17.4 22.7 
Newfoundland 46.9 68.3 6.2 9.3 
PEA 48.9 56.3 10.6 16.7 
Nova Scotia 54.0 65.7 16.6 19.0 
New Brunswick 50.6 66.3 Uae 16.1 
Quebec 38.5 60.7 5.3 7.9 
Ontario 51.2 59.9 213 30.3 
Manitoba 40.9 48.6 15.2 18.1 
Saskatchewan 40.7 49.3 20.1 21.6 
Alberta 40.6 eyes) WAS) . Bike 
British Columbia 45.4 53.9 34.9 37.9 


Sources: 
Statistics Canada, 1992 and 1995a. 
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Table 5.8 
Selected Environmental Practices by 
Australian Households, 1992 


Use recycled paper products Compost or mulch 


percent 


Australia 68.0 45.1 
New South Wales 66.4 39.3 
Victoria 67.3 48.9 
Queensland 67.5 47.5 
South Australia 69.9 45.7 
Western Australia 73.3 42.2 
Tasmania 62.4 53.7 
Northern Territory 64.1 44.3 
A.C.T. 73.8 50.7 


Source: 
Australian Bureau of Statistics, 1993. 


outdoor activities such as composting, has the largest per- 
centage of Canadian households composting. 


As Table 5.8 shows, almost half of Australian households 
reported that they compost. 


Mulching garden beds with composted materials is a popu- 
lar way of reducing evaporation and thus water use. In 1994 
53% of Australian households with gardens reported mulch- 
ing garden beds to conserve water (Australian Bureau of 
Statistics, 1995; p. 74). 


Conclusion 


The data presented in this chapter illustrate many similari- 
ties between Australian and Canadian households with re- 
spect to their consumption of energy, use of water and 
management of wastes. The majority of residents in each 
country have expressed strong support for environmental 
concerns. For example, the 1994 Australian environment 
survey found that 69% of Australians were concerned about 
environmental problems, although this is down from 75% in 
1992. In a 1992 survey for Environment Canada, 90% of 
Canadians said they were at least somewhat concerned 
about the environment (Statistics Canada, 1995b; p. 63). 
However, is the commitment to the environment strong 
when placed in competition with economic concerns and el- 
ements of individual lifestyle? 


Research in Canada questions the existence of a relation- 
ship between the environmental attitudes people express 
and their actual behaviour to reduce their environmental im- 
pacts (Ungar, 1994). The results that have been presented 
in this paper seem to show that Canadians and Australians 
are willing to take limited actions that they perceive to be en- 
vironmentally significant including recycling and doing 
some things to reduce energy and water use. However, the 
measures that would have a major impact on resource con- 
sumption, for example, a large reduction in motor vehicle 
use, would also have a major impact on the lifestyles of Ca- 
nadians and Australians. Would Canadians and Australians 
be prepared to do more? 
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6 Measuring Canada’s 
Natural Wealth: Why We 
Need Both Physical and 
Monetary Accounts’ 


by Alice Born 


Introduction 


There is growing interest in sustainable development and 
expanded wealth accounts are seen as a one of the tools in 
its measurement (see World Bank, 1995 and Hamilton, 
1994). Whether it is a measure of wealth per capita or a 
measure of a nation’s total capital over time, wealth ac- 
counts and national balance sheets will include the value of 
natural capital as well as the value of produced capital in the 
future. Estimation of the value of human capital is still in the 
early stages of development but the World Bank has recent- 
ly provided some estimates (World Bank, 1995). The devel- 
opment of natural resource accounts has focused on 
placing a monetary value on known physical quantities of 
the resource in order to obtain a wealth value for natural 
capital. 


At Statistics Canada, Natural Resource Stock Accounts 
which are aimed at measuring Canada’s natural wealth, are 
one of four environmental accounts being currently devel- 
oped. The other three accounts are Natural Resource Use 
Accounts, Waste Output Accounts and Environmental Pro- 
tection Expenditure Accounts.* The natural resource use 
and waste output accounts are recorded in physical terms 
and the environmental protection expenditure accounts, in 
monetary terms. Only the natural resource stock accounts 
are recorded in both physical and monetary terms. 


This paper reviews some of the preliminary results of the 
Natural Resource Stock Accounts in the context of Cana- 
da’s wealth accounts which currently only include the val- 
ues of produced capital and land. In accordance with the 
1993 International System of National Accounts 
(1993 SNA)’, Canada plans to add the value of natural 
wealth (e.g. subsoil and timber assets) to the national bal- 


— 


. Revised version of a paper presented in Session V: Valuation and Aggre- 
gation at the International Association for Research in Income and Wealth 
Special Conference on Integrated Environmental and Economic Account- 
ing organized by the Economic Planning Agency of Japan, United Nations 
University and Keio University, Tokyo, Japan, March 5-8, 1996. 

2. For a review of natural resource and environmental accounting at Statistics 
Canada see Smith (1994). 
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ance sheet accounts beginning in 1997. The results pre- 
sented here are limited to subsoil assets. 


The first part of the paper discusses the uncertainty of 
measuring Canada’s resource base and its effects on phys- 
ical accounting. The second part of the paper focuses on 
the linkages between the physical and monetary accounts, 
and the 1993 SNA and the System of Economic and Envi- 
ronmental Accounts (United Nations, 1993). Finally, the last 
part of the paper examines the usefulness of the expanded 
wealth accounts with respect to the concept of sustainable 
development.* Partial results of Canada’s wealth accounts 
are presented as well. 


Physical accounts: resource base 
and uncertainty 


Physical accounting of subsoil assets shows that the as- 
sumption of a “fixed and non-renewable” mineral stock can 
be limiting in determining the size of a nation’s resource 
base. What we observe are “inventories” of proven reserves 
which are being constantly renewed by investment in explo- 
ration and development. Furthermore, in the case of metals, 
the rate of depletion is impacted by the rate of recycling as 
well. The size of the resource that is considered “economic” 
and therefore currently recoverable depends on costs and 
prices, including the prices of substitutes (Adelman et al., 
1991). This suggests that we cannot know how much of 
mineral resources should be shared with future generations 
or what is the optimal depletion rate by simply estimating 
when supplies will be exhausted at current rates of deple- 
tion (Mikesell, 1994). Since resource base and reserve es- 
timates are revised from year to year as extraction 
continues, new discoveries are made and the overall under- 
standing of the resource base improves, physical accounts 
of fuel and non-fuel minerals should reflect these changes. 


Physical accounts should present a range of available re- 
sources and not be restricted to only “proven reserves” as 
suggested by the 1993 SNA. For example, mineral resourc- 
es can be divided into two components: discovered or 
known recoverable resources and undiscovered recovera- 
ble resources. Discovered recoverable (or known) resourc- 
es are those resources that are estimated to be recoverable 
from known deposits using current technology and under 
current economic conditions. Included in this category are: 
cumulative production,° remaining established (or devel- 


3. Major modifications were made to the System of National Accounts in1993 
(United Nations ef a/., 1993). The balance sheet accounts now include the 
value of subsoil and other natural assets. The change in the value of these 
assets is recorded as a reconciliation item and therefore does not affect 
net product aggregates. 

4. Many concepts and definitions of sustainable development are currently 
being explored and discussed. The concept of sustainability used in this 
paper suggests that “each generation should maintain the capital value of 
the natural resources it inherits.” In the case of non-renewable resources, 
this condition can be approximated by saving and reinvesting resource 
rents from mineral extraction into other forms of capital (Mikesell, 1994). 

. The total amount of hydrocarbon or metal extracted to a given date. 


on 
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Table 6.1 
Energy Resource Estimates, 1992 
Discovered recoverable resources Undiscovered Ultimately 
Cumulative Remaining Yet-to-be recoverable recoverable 
production established reserves established reserves Total! resources resources 
Crude oil (millions of m°) 2 394 680 1113 4207 3 4361 8 568 3 
Crude bitumen? (millions of m3) 
Surface mineable 210 434 9 356 10 000 - 10 000 
In situ 59 38 893 39 000 - 39 000 
Total crude bitumen 269 482 48 249 49 000 - 49 000 
Natural gas (billions of m°) 
Western Canada 2 163 1 909 4072 3144 7 216 
Frontier areas 32 1 187 1 228 8 055 9 283 
Total 2195 1918 1 187 5 300 11199 16 499 
Coal®:® (megatonnes) 
Lignite a 2 236 
44 360” 
Subbituminous coal A 871 
Bituminous coal a 3 471 34 245 
Total = 6 578 = 78 875 
Uranium (kilotonnes) 1558 309 163 627 
Notes: 


Sum of total discovered reserves and undiscovered recoverable resources. 
Totals in source data. 
. Occurs in oil sands. 


As of 1985. 

Lignite plus subbituminous coal. 
Approximated 

Sources: 

Natural Resources Canada, 1993a and 1993b. 
National Energy Board, 1994. 


PNOAMAwWY= 


oped) reserves and yet-to-be established (or undevel- 
oped)! reserves. Undiscovered recoverable resources are 
those that are estimated to be recoverable from resources 
that are believed to exist on the basis of available geological 
and geophysical evidence but not yet been shown to exist 
by drilling, testing or production. The sum of discovered and 
undiscovered mineral resources is referred to as ultimately 
recoverable resources (Table 6.1). 


For the purpose of monetary valuation, we focus on that 
part of the resource base which is estimated to be recover- 
able using existing machinery and equipment and struc- 
tures in place, and under current economic conditions. 
These are defined as remaining established (or recovera- 
ble) reserves in Table 6.1. Established reserves represent 
a conservative estimate of the available stocks, given 
changing technology and markets. Nevertheless, based on 
this definition, it is apparent that rapid depletion has been 
occurring over a short time period (figures 6.1 to 6.5), par- 
ticularly for oil and nickel reserves. Yet, these represent 
only a small portion of Canada’s known reserves and ulti- 
mately recoverable resources of fossil fuels and metals. In 
the case of crude oil, remaining established reserves repre- 
sent 38% of the known reserves and 11% of the total ulti- 
mately recoverable resources. For crude bitumen, we are 


— 


. By definition, developed reserves are estimated to be recoverable through 
produced capital already in place (e.g. machinery and equipment and 
Structures). In case of undeveloped reserves, additional exploratory and 
development work would be required in order to classify them as devel- 
oped reserves. 
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Sum of cumulative production, remaining established reserves and yet-to-be established reserves. 


Reserve definition used is recoverable rather than established, however the definitions are similar. 


placing a monetary value on only 1% of known reserves and 
for natural gas, on 62% of known reserves and 13% of the 
total ultimately recoverable resources. 


The importance of physical accounts is demonstrated here. 
While we are placing a monetary value on only a small part 
of Canada’s known reserves, a large part of the resource re- 
mains unvalued. “Option values” based on transaction val- 
ues might be used to value undeveloped reserves to reflect 
more closely the total wealth of a nation.? A broader defini- 
tion of resources in the physical accounts shows the re- 
sources that are available in the long term. 


Physical and monetary accounting 


A comprehensive description of the interrelationship be- 
tween the environment and the economy is not possible 
without using physical data. In many cases, they are more 
suitable than monetary data. This is especially true for the 
flow of materials within the natural environment, and from 
the natural environment to the economy and back into the 
environment as wastes (United Nations, 1993). Thus, Sta- 
tistics Canada’s Natural Resource Use and Waste Output 
Accounts, which are based on input-output models, are ex- 
pressed in physical terms. Linking those data to the mone- 
tary data of the national accounts, however, is necessary for 


2. This was suggested by the U.S. Bureau of Economic Analysis (1994). 
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Table 6.2 
Physical and Monetary Assets Accounts 


Produced 
assets Biological 


resources 


Economically 
produced 


Economically 
produced 


Physical 
accounts 


Uncultivated, pro- 
tected 


Market 
value 


Monetary 


a Market 
valuation 


value 


Non-market 
value 


the development of other environmental-economic account- 
ing systems. 


Table 6.2 compares physical and monetary accounts of 
produced and non-produced assets. At Statistics Canada, 
both developed and undeveloped reserves appear in the 
physical accounts while only developed reserves are val- 
ued in the corresponding monetary accounts. 


Physical data are difficult or impossible to aggregate across 
the range of natural resources because of the different sta- 
tistical units used. Trying to assess the sustainability of an 
economy or a set of human activities based on inventories 
of a stock of natural capital also raises the problem of in- 
comparability of physical units. For example, if a stock of 
timber increases and a stock of natural gas decreases at 
the same time, how can it be determined if the total stock of 
natural capital has fallen or risen, or remained the same 
(Victor, 1990)? 


In many cases, the only way to obtain comparable results is 
to make a monetary valuation. Such a valuation is the norm 
for produced assets and is necessary to value natural (as 
well as human) capital in the balance sheet. Using current 
prices simplifies the valuation of natural capital but can give 
a distorted view of equilibrium prices in the longer term. In 
the case of subsoil assets, negative externalities generated 
by the production of marketed goods, like environmental 
protection and restoration costs, may not be adequately re- 
flected in market prices.'! Furthermore, if the price or the net 
price rises as the resource stock declines, the value of the 


1. For a more complete discussion on mineral prices and their impact on the 
value of subsoil assets, see Born (1995). 
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Land (including 
ecosystems) 


Economically 


used 


Market 


value 


Non-market 


value 


Non-produced assets 


_ =sSubsol 


Economically 
stored 


Developed — 


Non- 
economic 
Other bodies of 
water 


Market 


value 
Non-market 


value 
ption values” 
Se Noneaarce: 

value 


resource stock as an indicator of sustainability may give the 
wrong policy signal to government. 


Figures 6.1 to 6.5 show the physical quantity of remaining 
reserves of oil, natural gas, coal, uranium and nickel* and 
the present value of the stocks from 1975 to 1992. While 
monetary values provide a common numeraire to compare 
these commodities, the physical quantities sometimes re- 
flect a different picture of the remaining reserves. 


Physical quantities of oil reserves have declined almost by 
half since 1975 while values of the stock increased until 
1986 and declined thereafter, reflecting the major drop in 
world oil prices in that year. Natural gas shows a similar 
trend to oil, however physical depletion of the stock is less 
dramatic. Since 1982, coal reserves have been maintained 
between 6.0 and 6.5 billion tonnes with their present value 
peaking at $19 billion in 1984 and declining to $13 billion in 
1992.° Physical reserves of uranium have declined by 200 
kilotonnes since 1979 reflecting a price drop from $135 per 
kilogram* in 1980 to $71 per kilogram by 1990. Recent in- 
creases in reserves are due to the opening of higher quality 
mines in Saskatchewan. The changes in present value over 
time reflect both the price changes discussed above and 
long-term contracts above world prices for Ontario uranium 
in the 1980s. Quantities of nickel have been declining since 


2. In Canada, the term established reserves is used for oil, crude bitumen 
and natural gas reserves, recoverable reserves for coal and uranium 
reserves and proven and probable reserves for nickel. While these defini- 
tions reflect reporting conventions in Canada, they are considered to be 
similar. 

3. For a more complete discussion of the quantity and value of Canada’s coal 
reserves, see Born et al. (1995). 

4. The price quoted here is per kilogram U (uranium). 
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1979. The value shows declines from 1979 to 1986, in- 
creases in the late 1980s followed by a strong decline in 
1989 due to large deliveries of former U.S.S.R. nickel into 
the market and the effects of the recession. 


While monetary valuation of developed mineral reserves is 
necessary in order to calculate wealth, these values alone 
do not clearly indicate trends in the remaining reserves from 
which income is to be derived, nor do they show whether 
“resource rents” are being consumed or reinvested else- 


Figure 6.1 
Quantity and Present Value of Established Oil 
Reserves, 1975-1992 


million m* billion dollars 


1 100 


1 000 


900 


800 


700 


600 


500 
1975 1980 1985 1990 


Quantity Present value 


(left scale) (right scale) 


Source: 
Statistics Canada, National Accounts and Environment Division. 


Figure 6.2 
Quantity and Present Value of Established 
Natural Gas Reserves, 1975-1992 
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Source: 
Statistics Canada, National Accounts and Environment Division. 
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where in the economy. Physical accounting provides a 
measure of resource availability in the medium or long term 
depending on the reserve definition used. Monetary valua- 
tion is only one aspect of natural resource accounting, and 
it is just as useful to measure a resource in physical terms 
than in monetary ones. From a national accounts’ perspec- 
tive, a natural resource is as much an economic as a phys- 
ical concept. 


Figure 6.3 
Quantity and Present Value of Recoverable 
Coal Reserves, 1975-1992 
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Source: 
Statistics Canada, National Accounts and Environment Division. 


Figure 6.4 
Quantity and Present Value of Recoverable 
Uranium Reserves, 1975-1992 
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Source: 
Statistics Canada, National Accounts and Environment Division. 
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Figure 6.5 
Quantity and Present Value of Proven and 
Probable Nickel Reserves, 1975-1992 
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Source: 


Statistics Canada, National Accounts and Environment Division. 
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fee ital maintenance as “a reason- 
996). Several definitions of sustainability reflecting different approach- 
and Steer, 1994) 

duced, natural, hu- 
ly their sum need re- 


Sustainable development and 
mineral resources 


The most familiar definition of sustainable development is 
that of the Brundtland Commission: “development that 
meets the needs of the present without compromising the 
ability of future generations to meet their own needs.” It fol- 
lows that the national accounts should provide an indication 
of the extent to which a country meets the basic material 
needs of its inhabitants and will be able to do so in the future 
(Schrecker, 1995). 


The economic approach to sustainable development is 
based on the principle of generating a maximum income 
flow while maintaining the stock of capital (Text Box 6.1). 
The controversy over the degree of substitution of produced 
capital for natural capital translates into a continuum of con- 
ditions for sustainable development, between what is 
known as weak and strong sustainability. However, it is this 
maintenance of capital or a nation’s wealth, both produced 
and natural, that is at the heart of sustainable development, 
no matter how it is defined (Hamilton, 1994). 


If it is accepted that rents from natural capital depletion 
(both renewable and non-renewable) should be shared with 
future generations, then sufficient assets should be main- 
tained to ensure a non-decreasing flow of income or welfare 
(per capita). Total capital stock, in monetary terms, may be 
preserved if revenues from the resources being depleted 
are invested in other forms of productive capital. However, 


Statistics Canada - Catalogue No. 11-528-XPE, No. 3 31 


Measuring Canada’s Natural Wealth: Why We Need Both Physical and Monetary Accounts 


it is difficult to identify the types of capital to be maintained 
(e.g. produced, natural, intangible or human capital) and to 
value some of these assets (Munasinghe, 1993; Born, 
1992). 


Sustainable development requires that consumption by 
present generations should not be at the expense of future 
generations. For subsoil assets, this imposes two condi- 
tions. First, investments should be made -in alternative 
wealth-generating assets as a substitute for the depleting 
mineral asset. Second, the environmental damage caused 
by mining and smelting and by consumption should be min- 
imized (Auty and Warhurst, 1993). For subsoil assets, es- 
pecially fossil fuels, the limited carrying capacity of the 
environment implies that the second constraint is more im- 
portant than the first one (the depletion of the resources). 


The sustainable development of subsoil assets raises a 
number of questions such as the valuation of annual deple- 
tion, the substitutability of produced capital for depleted 
mineral resources and the mechanism for transferring the 
“capital value” of the depletion to future generations. Some 
environmentalists suggest that sustainable development re- 
quires limiting the rate of mineral extraction to the rate at 
which their renewable substitutes are developed. Since the 
exact physical volume of mineral stocks can vary from year 
to year with discoveries, technological change, depletion 
and resource evaluation, we do not know the optimal deple- 
tion path for these resources (Mikesell, 1994). The problem 
of sharing mineral resources with future generations is esti- 
mating when supplies will be exhausted at current rates of 
depletion. 


Physical stocks of minerals are depleted by each genera- 
tion even though additional reserves are added to the “re- 
coverable” stock. However, extraction does not represent a 
loss of “capital value” if an equivalent value of additional re- 
serves is discovered. It would suffice to maintain the capital 
value of mineral reserves for future generations to be as- 
sured an income equal to that earned from the reserves by 
the present generation. 


However, this assumes that produced capital financed by 
the rent from mineral depletion is a substitute for the deplet- 


Table 6.3 
Expanded Wealth Accounts, 1992! 


ed mineral. It also raises the issue whether sustainable de- 
velopment requires a constant stock of both produced 
capital and natural capital or just total capital stock. If there 
is a high degree of substitutability between produced capital 
and natural capital such as minerals, the reinvestment of 
the rent from the extraction of subsoil assets should prevent 
future economic output from being constrained by depletion 
of minerals (Mikesell, 1994). The assumption of strong sus- 
tainability, on the other hand, implies the need to maintain 
both produced and natural capital. 


Wealth accounts are one measure of weak sustainable de- 
velopment, and could be complemented by others. Such 
accounts would help to answer the question of how human 
activities impact the potential of natural resources to gener- 
ate income in the future (Schrecker, 1995). 


Table 6.3 presents wealth accounts and wealth per capita 
for Canada including preliminary estimates of subsoil as- 
sets. Increases in the value of the latter are mainly attribut- 
able to the revaluation of resource prices and costs over the 
period, the value of reserve additions being less than that of 
depletion. The physical accounts, however, show a different 
picture. Except for uranium, all recoverable reserves are 
being depleted and not being replaced (Table 6.4). At this 
time, we cannot determine whether the owners of subsoil 
assets, mainly provincial and federal governments, employ 
the rent derived from their extraction to produce other as- 
sets. However, Canada’s wealth and wealth per capita are 
being maintained and are increasing over time. 


Government revenues from the extraction of natural re- 
sources represented approximately 3.5% to 4.0% of total 
provincial and territorial government revenues between 
1990 and 1995. For a province such as Alberta which pro- 
duces about 80% of Canada’s oil and natural gas, the per- 
centage increases to about 20%. Since most natural 
resources in Canada are owned by provincial and federal 
governments, it is likely that most of the returns from the ex- 
traction/harvesting of these resources are invested in health 
care or education and therefore human capital. In Alberta, 
30% of oil and natural gas revenues were put into its Herit- 
age Savings Trust Fund for a number of years and reinvest- 


eee — eee 


Non-produced assets 


Wealth per capita 


Produced assets Subsoil assets Excluding subsoil assets Including subsoil assets 
billion dollars dollars per capita 
Opening stock (December, 1991) 1 897.7 118.7 86 788 _ 90979 
Depletion of non-produced assets 6.4 
Use of produced assets ak 
Other volume changes? 5.6 


Revaluation due to market price changes 


Notes: 


Closing stock (December, 1992) 1 940.1 117.9 87 942 92 044 


1. Includes the value of Canada's oil, natural gas, crude bitumen, coal, uranium, and nickel reserves. Excluded are the value of iron, potash, gold, silver, copper, zinc, lead, and molybdenum. The 


results presented here are preliminary. 

2. Includes changes in technological progress, prices, costs and estimation methods. 
3. The value of land includes residential, non-residential and agricultural land. 
Source: 

Statistics Canada, National Accounts and Environment Division. 


2 Statistics Canada - Catalogue No. 11-528-XPE, No. 3 


Environmental Perspectives 


Measuring Canada’s Natural Wealth: Why We Need Both Physical and Monetary Accounts 


Table 6.4 
Physical Accounts of Subsoil Assets, 1992 
Crude oil Natural gas Crude bitumen Coal Uranium Nickel 
million m? billion m? million m? megatonnes kilotonnes kilotonnes 
Opening stock (December, 1991) 614.1 1 965.3 501.7 6 434.2 305.0 5 691 
Depletion of sub-soil assets 69.8 125.7 23.8 79.0 9.1 231 
Other volume changes’ 44.4 89.7 43 23.0 13.1 145 
Closing stock (December, 1992) 589.8 1 929.5 482.2 6 378.3 309.0 5 605 


Notes: 

Figures may not add due to rounding. 

1. Includes changes in technological progress, prices, costs and estimation methods. 
Source: 

Statistics Canada, National Accounts and Environment Division. 


ed in other forms of capital. In Alberta’s case, some of the 
resource rents were converted to other forms of assets 
through investments in public infrastructure, public enter- 
prises and human capital (health and education expendi- 
tures). However, in recent times, no revenues have been 
placed in the fund. Calculations by Smith (1992) suggest 
that from 1963 to 1988, the Alberta government was con- 
suming revenues from oil and gas extraction at a rate that 
may have resulted in a decrease in the wealth over time. 


Conclusion 


If sustainability is going to be more than a slogan, it requires 
a definition, some quantitative objectives and some indica- 
tors for measuring progress or regression. Sustainable de- 
velopment is a macroeconomic issue since it concerns all 
resources: produced, natural and human capital. The aim is 
to sustain welfare, i.e. the consumption of economic and en- 
vironmental goods and services, for present and future gen- 
erations. A more accurate picture of the capital base on 
which future income and consumption depend, requires the 
inclusion of natural capital in wealth accounts. 


It is the availability of natural capital and the absorptive ca- 
pacity of the environment that will pose limits to sustainable 
economic growth. Developing alternative growth indicators 
and including measures of natural capital and its depletion 
in economic growth models could provide tools to deter- 
mine what is sustainable economic growth (Bartelmus, 
1992). The definition of sustainability in terms of capital 
maintenance requires that the owners of natural capital in- 
vest the rent in the production of other assets. 


Does the concept of capital maintenance refer to the “capi- 
tal value” of mineral resources or to the physical volume of 
natural resource stocks? As suggested by Peskin (1996), 
the distinction is important in the case of natural capital, 
since there may be little association between an asset's 
physical condition and its value. As shown in this paper, 
there is a need for both physical and monetary accounts. 
Yet if one talks about economic sustainability, it is economic 
value that is used to measure total national wealth (pro- 
duced, human and natural capital). 
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If the measure of national wealth is expanded to include the 
value of subsoil assets and timber resources, then total 
wealth per capita may become a useful indicator of sustai- 
nability. If wealth per capita does not decline, then (econom- 
ic) development is considered to be sustainable. Whether 
or not GDP or an adjusted “green” GDP per capita ade- 
quately measure short-run economic performance, wealth 
per capita does give a picture of how wealth creation and 
population growth influences future income per capita.' 
This is, for Statistics Canada, an area of future work in nat- 
ural resource and environmental accounting. 
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7 Land Statistics for 
Canada 


by Michael Bordt, Doug Trant, Giuseppe Filoso, Hélene 
Trépanier and Jeff Fritzsche, National Accounts and Envi- 
ronment Division; Ken Korporal, Agriculture Division 


Introduction 


The objective of this chapter is to provide an assessment of 
the current status of land statistics in Canada. Broadly de- 
fined, land statistics concern land cover, use, potential and 
value. There is no harmonized source for this information 
for all of Canada. This paper describes the existing sources 
of land information and proposes a methodology for esti- 
mating several national-level land statistics which are cur- 
rently not regularly reported. 


The need for land statistics 


Land statistics have been of importance mainly to track 
ownership, local land-use plans and resource potential. Na- 
tional statistics on agricultural land use have been collected 
since the first Census of Agriculture in 1881. The advent of 
land-use planning brought about the need for additional in- 
formation to take into account as many factors as possible 
in order to harmonize local land uses and thereby avoid fu- 
ture conflicts. 


More recent environmental and resource concerns require 
more extensive and detailed information. The natural land- 
scape is constantly being modified either intentionally to suit 
human purposes or as a by-product of our activities. As the 
nature of the land changes, so does its ability to provide the 
necessary functions for humans and natural ecosystems 
alike. 


Except for lands used for agriculture and forestry there are 
no detailed national-level data on land use. The State of 
Canada’s Environment (Government of Canada, 1992; 
p. 5-17) well states the current situation: 


At every level — national, provincial, regional and 
local — our knowledge of the land base itself is in- 
adequate. In many instances, basic resource in- 
ventories, from which land-use interpretations can 
be made, remain incomplete or are outdated. Fol- 
lowing the termination of the Canada Land Use 
Monitoring Program of Environment Canada, in 
place from 1978 to 1988, there is a need for na- 
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tional data indicating how much land is used and 
how land use changes from year to year. National- 
ly, Canada has not determined how much land will 
be needed for different purposes in the future, nor 
is there agreement on how to establish the true 
value of land uses, to compare with those estab- 
lished by the market. 


Land issues 


The Federal/Provincial Committee on Land Use (1996) 
sponsored a forum in 1995 to discuss common issues in 
land use. The issues were classified according to four key 
land-use categories: agriculture, forestry, shore zone/coast- 
al zone, and urban. The detailed issues that were discussed 
are listed below. 


Agriculture: 


* degradation of agri-ecological resources through 
agricultural practices; 

° on and off-farm effects; 

¢ lack of an agricultural land policy; 

¢ loss of the agricultural land base; 

* competing uses on rural lands. 


Forestry: 


¢ multiple-use conflicts; 

¢ impact of forest management practices on produc- 
tion and the environment; 

¢ inclusion of aboriginal needs and interests in forest 
management. 


Shore zone/coastal zone: 


¢ impact of land sources of pollution; 

* competing use of shore areas (such as aquaculture 
and recreation); 

¢ restriction of public access to the shore. 


Urban: 


¢ planning and financing of hard services and infra- 
structure; 

* protection of water supplies; 

¢ impact of urban related development in rural areas 
(such as urban sprawl and ribbon development). 


issues common to all categories: 


* present governance systems unable to identify and 
solve problems (or take advantage of opportunities); 

e lack of current data and measurable indicators of 
land-use patterns and change; 

¢ inadequate valuation of common resources; and 

¢ lack of integrated planning and communication. 


Besides providing a useful overview of common land-use 
issues, the above list emphasizes the importance of apply- 
ing information, common indicators and approaches to val- 
uation. The Federal/Provincial Committee also highlighted 
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the shore/coastal zone issues which are generally not con- 
sidered in land-use discussions. 


Land-related policies range from general statements of in- 
tent to subsidies for specific activities. One of the confound- 
ing factors in land policy, and therefore supporting statistics 
and information, is that often three or more jurisdictions 
(federal, provincial/regional, municipal, private, non-gov- 
ernmental) may influence the use of a given tract of land. 


Jurisdiction: In general, the Parliament of Canada controls 
the lands that are owned by the Federal Government includ- 
ing national parks, aboriginal reserves, airports, defence 
establishments, harbour sites, government buildings, Sable 
Island, and 99% of the land in the Yukon and Northwest 
Territories. Federal agricultural, transportation, defence, 
housing and energy policies also directly influence the use 
of land in many areas. The main policies cited in Land Use 
in Canada (Environment Canada, 1980) are listed below: 


¢ Fiscal Policies: federal monetary, taxation, and trade 
and tariff policies; 


Sectoral Support Programs: income support and 
credit-assistance programs in various economic sec- 
tors, particularly agriculture and industry; 


Regional Development Programs: development pro- 
grams to stimulate economic growth in less-developed 
regions; 


Federal Lands and their Management: public lands 
under the administration of the Federal Government, 
mostly (97%) in the Yukon and Northwest Territories 
(the remaining 3% is used to support the programs of 
federal agencies); 


Regulatory Powers in Transportation: Regulatory 
powers over transportation rates affect the viability of 
resource industries (agriculture, forestry, and mining) 
and related secondary industries; and 


Research and Information Activities: programs that 
include land inventories; soil, geological and wildlife 
surveys; National Research Council activities; the 
Canada Mortgage and Housing Corporation. 


Land-use planning on privately-owned land is a municipal 
or regional function supervised by the provinces. Land tax- 
es are levied by most municipalities (Environment Canada, 
1980). 


Many policy areas transcend jurisdictions. Issues such as 
sustainable development, biodiversity, resource use, finan- 
cial policy and land-use planning often involve many levels 
of government. 


Sustainable development: Many approaches to under- 
Standing the sustainability of our actions relate to the carry- 
ing capacity of the environment. Wackernagel (1993) 
calculates the “ecological footprint” of various activities by 
estimating the area of land required to support one person 
or one city. The broader issues require information on land 
use and land-use changes, land quality and land cover. 
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With better land statistics critical areas could be more easily 
identified and priorities could be more easily set. 


Canada’s Green Plan (Government of Canada, 1990) cited 
land issues in many of the priority objectives for Canadians 
including: 


* clean air, water and land; 


* sustainable use of renewable resources (including 
sustainable agriculture and sustainable forestry); 


* preserving the integrity of our North; and 


* protection of our special spaces and species (i.e. pro- 
tected areas and biodiversity). 


The more recent federal government statement of its sus- 
tainability objectives (Government of Canada, 1995) urged 
federal departments to adopt “best practices” for the man- 
agement of federal lands including: 


The identification, classification and assessment 
of sites of concern on departmental lands should 
be undertaken using the CCME (Canadian Coun- 
cil of Ministers of the Environment) National Clas- 
sification System or a similar tool; and the 
management of the risk to human health and the 
environment [on federal lands] should include risk 
assessment and techniques for containment, miti- 
gation and remediation. 


Biodiversity: Information on the extent and quality of spe- 
cial habitats is an essential component to understanding the 
current and potential state of Canada’s wildlife. One direc- 
tion of Statistics Canada’s Wildlife Accounting Project is to 
account for habitats of species that are difficult to enumer- 
ate (migratory birds, small mammals and insects). 


Statutory protection of a unique habitat is often seen as an 
adequate approach to ensuring the protection of important 
species. However, risks imposed by activities on land sur- 
rounding the protected areas should also be considered. 
Trant (1993) provides a detailed assessment of agricultural 
activities for the surroundings of Riding Mountain National 
Park in Manitoba. 


Resource use: Statistics on forests and agricultural land 
are relatively well developed since they feed into important 
economic sectors. Canada’s Forest Inventory (Natural Re- 
sources Canada, Canadian Forest Service, 1995), and the 
Agricultural Land Potential Database (Agriculture Canada, 
1991) are updated frequently and workable classification 
systems are in effect. Statistics on the land aspects of other 
resource uses such as mining, water use and wildlife are 
lacking. 


Ownership and taxation: The extent of land and its own- 
ership has always been important for taxation purposes. 
Some of the best information on land use exists in municipal 
registry offices. New needs for land statistics are suggested 
by new policies on liability of lenders for environmental 
clean up. Insurers are also concerned about environmental 
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risk assessment before lending money for real estate pur- 
chases. 


Economic policy: Most economic policies relating to land 
include the establishment of agricultural subsidies, defini- 
tion of transportation corridors, initiation of major infrastruc- 
ture projects and delineation of settlement areas. One 
indicator of Canada’s national wealth is Canada’s National 
Balance Sheet (Statistics Canada, 1995), which includes 
annual estimated values of agricultural, residential and 
commercial land. 


Land-use planning: This type of planning is normally con- 
ducted at the municipal or regional level under guidelines 
from the provincial government. The assembly of land-use 
and zoning data is often the first stage of planning at this 
level. 


Research: Although research and analysis often feeds into 
policy, their overall objective is more often to contribute to 
the general scientific understanding of environmental proc- 
esses and systems. 


The analysis of land-use change and its impacts has typi- 
cally been conducted on a local scale. Beginning in the 
1950s, the Geographical Branch of the Department of En- 
ergy, Mines and Resources Canada and, afterwards, the 
Lands Directorate of Environment Canada issued a series 
of Geographical Papers, many of which focused on land 
and water use. ! 


One of the major research issues today is the understand- 
ing of land surface ecosystem processes and global 
change. The BOREAS? project investigated these relation- 
ships through extensive monitoring of two 20 km? study ar- 
eas in the boreal zone of Manitoba and Saskatchewan. The 
main objective of the work was to collect data that would 
provide insight into the relationship between land processes 
(for example, ecosystems, climate and geology) and the 
sustainable use of resources. The general conclusion after 
two years of detailed research was that the detailed infor- 
mation collected for two small areas as part of this study 
cannot be readily applied to the rest of the country. This de- 
tailed information, which is required to understand the com- 
plex interactions, is available for a few isolated sites (Post- 
BOREAS Task Group, 1995). 


Land Information is internationally regarded as a key to un- 
derstanding and predicting global change. Turner, Moss 
and Skole (1993) write: 


Gaining a better understanding of the ways that 
land cover and land-use practices are evolving is a 
priority concern of the global change research 
community. The characteristics of land cover have 
important impacts on climate, biogeochemistry, 


1. Examples include Vancouver, Victoria, Ottawa, Georgian Bay (Energy, 
Mines and Resources Canada, 1968, 1969a, 1969b, 1970); and the Gulf 
of St. Lawrence, Prince Edward Island and the Musquodoboit Valley in 
Nova Scotia (Environment Canada, 1973a, 1973b, 1974a, 1974b). 

2. The Boreal Ecosystem-Atmosphere Study (BOREAS) is jointly managed 
by NASA in the United States and Natural Resources Canada. 
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hydrology, and the diversity and abundance of ter- 
restrial species. Hence, being able to project future 
states of land cover is a requirement for making 
numerical predictions about other global changes. 


Despite general agreement on the importance of land infor- 
mation, Canada is losing land information rather than gen- 
erating it. Several key historical datasets, the Canada Land 
Inventory (CLI) and Canada Land Use Monitoring Program 
(CLUMP) have been archived and are no longer available 
to support policy decisions and research. 


The development of land statistics 


Canada Land Inventory: Until the 1960s, detailed national 
information on land cover and land use was available main- 
ly for agricultural and forested areas. The CLI was initiated 
in 1963 under federal-provincial agreement. The program 
coordinated the mapping of 2.5 million km? of Canada’s set- 
tled lands. By interpreting local maps and air photos, an ex- 
tensive database of land capability was built up at a 
1: 50000 scale. The resulting database provided an as- 
sessment of the potential of the land for agriculture, forestry, 
recreation, and wildlife (waterfowl and ungulates). Current 
land use, generally for 1967, was also recorded. These data 
have been widely used for land-use planning at the regional 
level and were housed in the Canada Geographic Informa- 
tion System (CGIS), one of the world’s first GISs, developed 
specifically for this purpose (Environment Canada, 1981). 


In 1974, an Interdepartmental Task Force on Land Use 
was established by the federal government. This group con- 
cluded that the main role of the federal government was to 
establish guidelines for its own activities as they affect the 
use of land (Environment Canada, 1980). This led to the de- 
velopment of the Federal Policy on Land Use in 1980. 


Map 7.1 
The CLUMP Framework 


Eq Agricultural domain 
Productive forest domain 
Re Urban areas 
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Canada Land Use Monitoring Program (1980-85): The 
Canada Land Use Monitoring Program (CLUMP, Map 7.1), 
which was intended to maintain an updated national data- 
base of land-use/land-cover data, existed for only a few 
years in the early 1980s. During this period, Environment 
Canada’s Lands Directorate generated some of the most 
detailed and informative analyses of land use and land-use 
changes ever published in Canada. This includes a series 
on specific land-use issues (such as agricultural land value, 
land used for mining) and assessments of land-use pro- 
grams in each province (for example, Environment Canada, 
1977 and Environment Canada, 1982). One perspective on 
land use available from this series is presented in Table 7.1. 


Another major output from CLUMP was a highly detailed 
classification of land use and a separate one for land cover. 
In many classification systems, these are combined to form 
a hybrid. Separating land use from land cover allows the 
distinction between ecological state of the land and the hu- 
man uses. 


In 1981, Statistics Canada (1981) issued a report which 
summarized the current status of land statistics in Canada. 
The report detailed sources (and potential sources) of land 
information from Statistics Canada, other federal depart- 
ments, provincial governments and municipalities and pro- 
posed the CLUMP framework as a working model. 


Federal Policy on Land Use: In 1980, a statement was is- 
sued by Environment Canada which defined Federal Policy 
on Land Use (Government of Canada, 1981). This policy 
was directed at minimizing environmental impacts of deci- 
sions related to federally managed lands. The document 
also proposed that the federal government provide a coor- 
dinated program of surveys and socio-economic, scientific 
and technical research on land capability, characteristics, 
tenure and use. It further stated that: 


Surveys and research in the fields of: 


¢ geological surveys 

® topographical mapping 

* soils 

* ecological mapping 

* social, economic and environmental aspects of 
land use 

° identification of critical lands 

¢ land-use monitoring 

* forest inventories 

* water surveys 

* collection of socio-economic data relating to land 
use 


are key elements in the formulation of sound land 
management strategies by all who influence the 
use of land. 


Although CLUMP was designed to achieve these objec- 
tives, the program ended in 1988 with the dissolution of En- 
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Table 7.1 
National Land Use, 1976-1979 
Area Proportion of area 
thousand ha percent 
Land resource base 
Agricultural areas 73 000 7.3 
Forestry 
Productive 207 900 20.8 
Unproductive 94 800 9.5 
Unclassified 39 000 3.9 
Wildland 503 700 50.5 
Urban 
Built up 1 569 0.2 
Roads, parks, greenbelts 1 831 0.2 
Fresh water areas 75 516 7.6 
Canada total 997 316 100.0 


thousand ha 
Special land and water uses’ 


Transport 
Railways 506 
Highways, roads, streets 2590 
Airports 613 
Marine transport 44 
Mining 
Claims, grants, leases 39 600 
Land disturbed and alienated 285 
Energy 
Petroleum leases (onshore) 65 600 
Petroleum pipelines 60 
Natural gas pipelines 80 
Electrical transmission lines 340 
Hydroelectric headpond storage 1 620 
Protected lands 
Parks and park reserves 39 590 
Wildlife protection areas 56 879 
Indian reserves 2 927 


Military bases and reserves 
Owned 597 
Leased 1 206 
_—————— a 
Note: 
1. These special land use categories overlap and should not be summed. 
Source: 
Environment Canada, 1982. 


vironment Canada’s Lands Directorate. Some of the 
Directorate’s responsibilities, staff and data holdings be- 
came part of Environment Canada’s State of the Environ- 
ment Reporting Branch where the work initiated on 
ecological land classification continued. 


Recent Canadian initiatives 


Natural Resources Canada — Canada’s Forest Invento- 
ry: The forest inventory is conducted on an on-going basis 
through cooperation with provincial governments. The cov- 
erage of the inventory and its match with actual land-cover 
information is shown in Map 7.2.' The inventory includes 
estimates of the area of several different land and forest 


1. Maps 7.2 through 7.8 are found at the end of the chapter. 
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conditions that occur in each of about 58 thousand map 
cells (Gray and Neitman, 1989). The national inventory is 
taken from provincial and territorial forest inventories. For 
Canada’s timber-productive, non-reserved forest land (245 
million hectares or 27% of the total land area), a significant 
amount of detail is available on ownership and use (Cana- 
dian Council of Forest Ministers, 1993). Table 7.2 provides 
a provincial perspective on land use based on these statis- 
tics. 


Agriculture Canada — National Soil Database (NSDB): 
The National Soil Database covers soil, landscape and cli- 
matic data collected over the past 80 years. The most detail 
is available for Canada’s agricultural land but non-agricul- 
tural areas are covered as well. Its major components 
include: 


e the Land Potential Database (LPDB), which covers all 
of Canada at a scale of 1: 5 million (Map 7.3 shows 
land use/land cover based on the LPDB); 


© Soil Landscapes of Canada, which includes more de- 
tail on major soil and landscape attributes at a scale of 
1:1 million; 


¢ National Ecological Framework (1 : 2 million scale); 


¢ Agroecological Resource Areas, covers the three Prai- 
rie Provinces at a scale of 1 : 2 million and includes 
details on climate, economy, crop, soil and landscape 
attributes; and 


® Detailed Soil Surveys, conducted at varying scales. 


Environment Canada/Agriculture and Agri-Food Cana- 
da — National Ecological Framework: This framework is 
based on acommon system of classifying and mapping ter- 
restrial ecosystems. It was developed in the 1970s and 
1980s by professionals from government, non-government 
organizations, universities, and industry through the Cana- 
dian Committee on Ecological Land Classification. The 
framework describes ecologically distinct areas of the 
earth’s surface at different levels of generalization, ranging 
from the broad scale ecozones to more detailed ecodis- 
tricts. 


The framework serves as a common ground for interpreting 
existing and new information about ecosystems independ- 
ently of jurisdictional boundaries. The framework also con- 
tains marine and international components. 


The terrestrial component of the National Ecological Frame- 
work (ecozones, ecoregions and ecodistricts) has been re- 
cently revised in cooperation with federal and provincial 
agencies and other stakeholders. The revision was con- 
ducted to enhance the capability of both government and 
non-government organizations to assess and report on en- 
vironmental conditions and the sustainability of ecosystems 
in Canada. This has resulted in refinement to boundaries of 
the original Ecozone map published in the first State of the 
Environment Report for Canada (Environment Canada, 
1986; Wiken, 1986). Map 7.4 and Table 7.3 show the re- 
vised Ecozone map for Canada (Ecostratification Working 
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Group, 1995). Major features of the terrestrial component 
include: 


° a map of ecozones and ecoregions of Canada, at a 
scale of 1 : 7.5 million; 


° a map of ecodistricts on a separate series of six re- 
gional maps at a scale of 1 : 2 million (Atlantic Provinc- 
es, Quebec, Ontario, Prairie Provinces, British 
Columbia, and the Yukon and Northwest Territories); 


¢ the National Ecological Framework Database, which 
includes information on biophysical attributes for eco- 
districts at a scale of 1 : 2 million; and 


° anational report that includes narrative descriptions of 
ecozones and ecoregions. 


Federal/Provincial Committee on Land Use: This group 
has been active since 1974 in coordinating federal, provin- 
cial and territorial government cooperation in inter-jurisdic- 
tional land-use issues. Recent activities have focused on 
information exchange and issue identification. Major ques- 
tions addressed at a recent forum include: 


e What are the major land-use issues facing the country 
over the next decade? 


¢ What are the broad options for resolving these issues? 


e What roles does and should land-use planning play in 
the implementation of sustainable development? 


Natural Resources Canada — National Atlas of Canada: 
The National Atlas has been presenting invaluable informa- 
tion on Canada’s land since 1906 (Energy, Mines and Re- 
sources Canada, 1993). Several unique perspectives on 
land have been developed within this program. One exam- 
ple is the land-cover map synthesized from remote sensing 
data collected over a three-year period. Table 7.4 is derived 
from this map. Map 7.5 is a further generalization of the 
original vegetation cover map which contained 12 land-cov- 
er classes: 


° forest land 
¢ continuous forest 
e coniferous forest 
e broadleaf forest 
e mixed forest 
¢ transitional forest 
e tundra 
* sparsely vegetated/barren land 
¢ agricultural land 
© cropland 
¢ rangeland and pasture 
nonvegetated land 
® perennial snow or ice 
e built-up area 
¢ water/sea ice 
* open water 
° sea ice. 
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Table 7.2 
Land Classification by Province and Territory, 1991 
Land class Canada Nfld. REL N.S. N.B. Que. Ont. Man. Sask. Alta. B.C. Yukon N.W.T. 
thousand hectares 
A. Forest land 
Reserved 12 054 93 - 97 - 377 1699 261 678 4 358 3 268 118 1105 
Timber-productive 8 661 59 - 96 - 345 1 485 245 647 2 443 2 685 73 583 
Timber-unproductive 2877 34 - il - 32 214 16 31 1621 567 45 316 
Unspecified timber-productivity 516 - - - - - - = - 294 16 - 206 
Non-reserved 401415 22431 294 3736 6106 82 054 55981 26016 28011 31734 57289 27431 60 332 
Timber-productive 234534 11212 278 3671 5954 54 390 40674 14994 11986 21194 49046 7 397 13 738 
Timber-unproductive 164049 11219 16 65 152 27 664 15307 11022 16007 10347 8243 19976 44 031 
Unspecified timber-productivity 2 832 - - - - - - = 18 193 - 58 2 563 
Unclassified 2706 - - 90 - 54 315 - 117 2 122 8 - - 
Timber-productive 2175 - - - - 54 45 - = 2 068 8 - = 
Timber-unproductive 531 - - 90 - 270 - lies 54 - - - 
Unspecified timber-productivity - - = - - - - - - - - - - 
Total 416175 22524 294 3923 6106 82 485 57995 26277 28806 38214 60565 27549 61 437 
Timber-productive 245370 3811271 278 3767 5954 54 789 42204 15239 12633 25705 51739 7 470 14 321 
Timber-unproductive 167457 = 11 253 16 156 152 27 696 15 791 11038 16155 12022 8810 20021 44 347 
Unspecified timber-productivity 3 348 - - - - - - = 18 487 16 58 2769 
B. Nonforest land 505 368 814645 272 Solna 0S 53 194 31124 28559 28264 26225 32408 20348 267 865 
Agricultural 67 753 47 259 397 376 3 430 5 451 7725 26865 20811 2 392 - - 
Other 437615 14598 13 964 727 49 764 25673 20834 1 399 5414 30016 20348 267 865 
C. Total land 921543 37169 566 5284 7209 135 679 89119 54836 57070 64439 92973 47897 329 302 
D. Fresh water 75 518 3 403 -- 265 135 18 389 17739 10159 8 163 1 680 1 807 448 13 330 
E. Total area 997061 40572 566 5549 7344 154 068 106858 64995 65233 66119 94780 48345 342 632 
Land class Canada Nfld. PEL N.S. N.B. Que. Ont. Man. Sask. Alta. B.C. Yukon N.W.T. 


percent of total area 

A. Forest land 
Reserved tee 0.2 - Wave - 0.2 1.6 0.4 1.0 6.6 3.4 0.2 0.3 
Timber-productive 0.9 0.1 - 1.7 - 0.2 1.4 0.4 1.0 3.7 2.8 0.2 0.2 
Timber-unproductive 0.3 0.1 - 0.0 - = 0.2 - - 2.5 0.6 0.1 0.1 
Unspecified timber-productivity 0.1 - = - - - - - = 0.4 - - 0.1 
Non-reserved 40.3 55.3 §1.9 67.3 83.1 53:3 52.4 40.0 42.9 48.0 60.4 56.7 17.6 
Timber-productive 23.5 27.6 49.1 66.2 81.1 35.3 38.1 23.1 18.4 32.1 MEZA 15.3 4.0 
Timber-unproductive 16.5 PTET E 2.8 ee 2.1 18.0 14.3 17.0 24.5 15.6 8.7 41.3 12.9 
Unspecified timber-productivity 0.3 - - - - - - - -- 0.3 - 0.1 0.7 
Unclassified 0.3 - - 1.6 - -- 0.3 - 0.2 3.2 - - = 
Timber-productive 0.2 - - - - -- -- - - 3.1 - - = 
Timber-unproductive 0.1 - - 1.6 - - 0.3 - 0.2 0.1 - - = 
Unspecified timber-productivity - - - - - - - - - - - - - 
Total 41.7 5515 51.9 70.7 83.1 53.5 54.3 40.4 44.2 57.8 63.9 57.0 Teo) 
Timber-productive 24.6 27.8 49.1 67.9 81.1 35.6 39.5 23.4 19.4 38.9 54.6 15.5 4.2 
Timber-unproductive 16.8 277, 2.8 2.8 2.1 18.0 14.8 17.0 24.8 18.2 9.3 41.4 12.9 
Unspecified timber-productivity 0.3 > = - - : - = -- 0.7 0.0 0.1 0.8 
B. Nonforest land 50.7 36.1 48.1 24.5 15.0 34.5 29.1 43.9 43.3 39.7 34.2 42.1 78.2 
Agricultural 6.8 0.1 45.8 7.2 5.1 2.2 Sal 11.9 41.2 31.5 2.5 - = 
Other 43.9 36.0 2.3 17.4 9.9 32.3 24.0 32.1 2.1 8.2 31.7 42.1 78.2 
C. Total land 92.4 91.6 100.0 95.2 98.2 88.1 83.4 84.4 87.5 97.5 98.1 99.1 96.1 


D. Fresh water 7.6 8.4 = 4.8 1.8 Wakes) 16.6 15.6 12.5 2:5 1.9 0.9 3.9 


= SEE OOO CS OO ee OO oe 
E. Total area 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
lL LL CU ee LUO ee 00:0 ages) O00 eee 00. 0mm 
Note: 


Figures may not add due to rounding. 
Source: 
Canadian Council of Forest Ministers, 1994. 
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Table 7.3 
Ecozone Area by Province and Territory, 1991 
Ecozone Canada Nfld. PE.l N.S. N.B. Que. Ont. Man. Sask. Alta. B.C. Yukon N.W.T. 
thousand hectares 
Atlantic Maritime 20 375 706 6918 9 156 3595 
Mixed Wood Plains 19 443 = = 7 093 12 350 
Boreal Shield 194 637 14 761 72 853 69 659 27 680 9 682 
Prairies 47 811 - = 6 780 26 140 14 891 
Boreal Plains 73 780 - 8679 18 995 32 653 10 365 2923 164 
Montaine Cordillera 49211 - 4942 44 269 
Pacific Maritime 21 898 21 898 
Boreal Cordillera 46 460 - c = 14741 31719 
Tundra Cordillera 26 484 16 405 10079 
Taiga Plains 64 700 9 268 4 380 1 831 49 222 
Taiga Shield 136 640 20 466 - - 53 254 10 228 5 486 807 46 399 
Hudson Plains 36 236 - - - - 2 432 24 854 8 662 288 
Southern Arctic 83 239 4 600 12 392 169 66 078 
Northern Arctic 151 088 7 106 - - - - 143 982 
Arctic Cordillera 25 059 975 - - : 725 - - 23 359 
Total 997 061 40 802 706 6 918 9 156 159 452 106 863 62 198 60 304 62 561 95 654 52 877 339 571 
Ecozone Canada Nfld. RE N.S. N.B. Que. Ont. Man. Sask. Alta. B.C. Yukon N.W.T. 
percent of area 
Atlantic Maritime 2.0 100.0 100.0 100.0 2.3 - 
Mixed Wood Plains 2.0 4.4 11.6 
Boreal Shield 19.5 36.2 45.7 65.2 44.5 16.1 
Prairies 48 - = - 10.9 43.3 23.8 
Boreal Plains 7.4 - - - 14.0 Silo) 52.2 10.8 5:5 
Montaine Cordillera 4.9 - 7.9 46.3 
Pacific Maritime 2.2 22.9 
Boreal Cordillera 4.7 - - - 15.4 60.0 
Tundra Cordillera PAT - = 31.0 3.0 
Taiga Plains 6.5 14.8 4.6 a5 14.5 
Taiga Shield 13.7 50.2 33.4 16.4 9.1 1.3 13.7 
Hudson Plains 3.6 1.5 23.3 13.9 0.1 
Southern Arctic 8.3 11.3 7.8 0.3 19.5 
Northern Arctic 15.2 4.5 - - - - - - 42.4 
Arctic Cordillera 2.5 2.4 : 0.5 = - 6.9 
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
Notes: 


Figures may not add due to rounding. 
Numbers have been adjusted to match Environment Canada’s totals. 
Sources: 


Environment Canada, Agriculture and Agri-Food Canada, National Ecological Framework. 


Provincial Governments: Several provinces have devel- 
oped or are in the process of developing sophisticated 
land-use monitoring programs. For example, British Colum- 
bia has recently introduced Regional Land-use Plans for 
several key areas: Vancouver Island, the Cariboo-Chiloco- 
tin region in central British Columbia, and the Kootenay- 
Boundary Region in southeastern British Columbia. 


New Brunswick has recently produced a detailed land-cov- 
er/land-use map in digital form. This was assembled from 
their forest inventory database (New Brunswick Natural 
Resources and Energy, 1996). 


Statistics Canada — Land Accounting, Census of Agri- 
culture, Human Activity and the Environment, Environ- 
mental Perspectives: Statistics Canada has a substantial 
history in integrating and reporting on land information. The 
Census of Agriculture is one of the primary sources of infor- 
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mation on agricultural land and management practices. 
Since 1978, publications such as Human Activity and the 
Environment have been bringing together information on 
land use and land cover. 


Statistics Canada has recently begun developing a Land 
Account which would more systematically deal with classifi- 
cations and data on land. Some of the most recent results 
are reported in this volume. Chapter 8 applies land-cover 
data generated from satellite imagery (Energy, Mines and 
Resources Canada, 1993) to understanding land use in 
New Brunswick. Also for New Brunswick, Chapter 9 inves- 
tigates an environmental-economics approach to determin- 
ing an alternative definition of “agricultural land value”. 
Previous outputs included a land accounting approach ap- 
plied to the assessment of environmental changes around 
Waterton Lakes National Park in Alberta (Trant ef a/., 1995). 
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Table 7.4 
Land Cover Estimates Based on NRCan Vegetation Cover, 1988-1991 
Cover class Canada Nfld. PELL. N.S. N.B. 
Mixed forest 108 104 4098 127 1 328 4188 
Broadleaf forest 29 630 41 869 951 
Water 51/355 1 873 14 92 76 
Transitional forest 134 557 12 769 69 
Coniferous forest 253 641 11 471 88 2 842 1 903 
Tundra 136 834 6 268 - - 
Barren land 167 046 3 177 11 111 98 
Ice/Snow 18 999 
Cropland 50 021 321 282 134 
Rangeland 14 670 
Built-up area 507 8 1 22 12 
Total Area 965 364 39 664 604 5 616 7 363 
Land 914 009 37 791 590 5 524 7 287 


141 609 


Ont. Man. Sask. Alta. B.C. Yukon N.W.T. 
thousand hectares 

25 368 3 188 4491 14131 14 443 789 11 123 

2.390 4415 2748 9 180 3 451 23 645 

12 683 6 636 3115 1509 W773 474 16 595 

23 516 12 954 3 465 - 27 1963 42 846 

37 069 23 521 22 608 17712 55 703 24 076 17 660 

5 302 1 4973 12 784 81 269 

13 31 1 406 8 474 4113 143 224 

- - - 31 2 133 1314 15 521 

6 193 5910 20 846 12 570 537 - - 

684 5918 7 422 646 - - 

181 29 15 80 84 - u 

107 413 62 670 63 207 64 041 92 243 45 536 328 885 

94 730 56 034 60 092 62 532 90 470 45 062 312 290 


Water 51355 1 873 14 92 76 6514 12 683 6 636 3115 1509 1773 474 16 595 
Se O00 3 ee Se 


Canada Nfld. PEE N.S. N.B. 


Cover class 


Ont. Man. Sask. Alta. B.C. Yukon 


percent 
Mixed forest 11 10 21 24 is¥/ 17 24 5 22 16 3 


Broadleaf forest 3 - u 16 13 
Water & 5 2 2 1 
Transitional forest 14 32 1 
Coniferous forest 26 29 15 51 26 
Tundra 14 16 - 

Barren land 17 8 2 2 1 
Ice/Snow 2 

Cropland 5 53 5 2 
Rangeland 2 


i 2 
2 7 4 14 4 0 0 
12 11 S 2 2 1 5 
22 21 6 4 13 
34 38 36 28 60 53 5 
© 8 = 5 28 25 
2 9 as 
2 3 5 

6 9 33 20 1 = 

1 9 12 1 - 


Built-up area 0 = - 0 0 = 0 =: = 0 ) : = 
Total Area 100 100 100 100 100 100 100 100 100 100 100 100 100 


Land 


99 95 


Water 5 5 2 2 1 4 12 11 o 2 2 1 5 
Note: 


Figures may not add due to rounding. 
Source: 
Natural Resources Canada, National Atlas. 


Statistics Canada/Environment Canada — National Ur- 
ban Land Information Base (NULIB): The objective. of 
NULIB is to develop a standardized, nationally-consistent 
environmental database to determine land use and 
land-use change statistics for the urban and urban-fringe 
regions of Canada using high-resolution satellite imagery. 
The program identifies: 


* changes in urban land activity (1986 to 1991); 


* broad land-cover information (wooded vegetation, 
non-wooded vegetation, water and non-vegetated sur- 
faces); and 


* the amount and distribution of green space within the 
urban core. 


NULIB began with a pilot study of the Ottawa-Hull Census 
Metropolitan Area (CMA) to determine the optimal image, 
processing and methodology steps required to meet the 
program objectives (Statistics Canada and Environment 
Canada, 1993). The pilot clearly demonstrated that high- 
resolution satellite imagery could provide land use and 
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land-use change information for the urban and rural-fringe 
in an accurate and cost-effective manner. With further fund- 
ing obtained since the pilot study, operational processing of 
other CMAs had been completed. These urban centres in- 
clude Toronto, Vancouver (Map 7.6), Victoria, Montréal, 
Québec, Halifax, London and Saskatoon. 


NULIB products facilitate the analysis of land-use change 
between CLUMP 1986 and NULIB 1991, prediction of 
land-use trends, monitoring of green space within the urban 
core, and evaluation of government programs which have 
an impact on land use, national land budgeting and re- 
source planning. The next stage for NULIB involves seeking 
additional funding partners for the processing of remaining 
CMAs and updating the database on a regular cyclical 
basis. 


Statistics Canada/Pest Management Regulatory Agen- 
cy — The Delineation Of Agricultural Field-trial Regions: 
The chemical registration process requires that field-trial 
studies be conducted in regions that have crops, soils, cli- 
matic and other bio-physical parameters that are represent- 
ative of the regions where the new chemicals are intended 
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for use. In order to reduce the cost and time to register prod- 
ucts, NAFTA agreements state that Canada and the United 
States accept the results of field studies conducted in re- 
gions that have similar characteristics in either country. The 
objective of this project was to develop a methodology to 
delineate field-trial regions for Canada while also retaining, 
wherever possible, regions that correspond to the previous- 
ly delineated U.S. field-trial regions. 


The delineation of the field-trial regions first required devel- 
opment of Canadian coverages that depict where crops are 
currently grown (and which crops are growing where) and 
where crops could be grown (arable land). Current crop 
maps were derived from the Statistics Canada’s Agriculture 
Ecumene of Canada and 1991 Census of Agriculture. Many 
data sources from various federal departments were used 
to delineate the field-trial regions; the most important includ- 
ed: 


¢ Terrestrial Ecozones and Ecoregions of Canada (Envi- 
ronment Canada); 


* Soil Landscape of Canada Database (Agriculture and 
Agri-Food Canada); 


* Soils of Canada Map (Agriculture and Agri-Food Can- 
ada); 


* Canada Land Inventory for Agriculture (Agriculture 
and Agri-Food Canada); 


¢ National Atlas (Natural Resources Canada); 


* Ecoclimatic Regions of Canada Map (Environment 
Canada); 


° Level Il Ecological Regions of North America - Draft 
(Agriculture and Agri-Food Canada); 


© Climatic Characteristics of Canada (Natural Resourc- 
es Canada); 


* Crop Maps (Statistics Canada); and 


¢ Agriculture Ecumene of Canada (Statistics Canada). 


This project highlights an application that has required con- 
siderable interaction and cooperation of four federal depart- 
ments and numerous contacts in provincial departments 
and other agencies. As well, U.S. counterparts responsible 
for delineation of the American field-trial regions were con- 
sulted. The resulting maps (Map 7.7 for example) and digital 
coverages include Canadian and North American level ma- 
jor and minor field-trial regions. 


International activities 


Canada is noted internationally for the quality of its agricul- 
tural and forestry statistics. Other countries have made sub- 
stantial progress in assembling general national 
perspectives on land and in linking that information to policy 
decisions. Examples are given here for the land accounting 
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activities of the European Community, Germany, France, 
the Netherlands and the United Kingdom. 


The European Community 


In 1985, the European Community initiated the Coordina- 
tion of Information on the Environment (CORINE) program. 
The objective of CORINE is to develop a framework for the 
collection, coordination and harmonization of information on 
the state of the environment and the natural resources in 
the Community. The data collection permits a stock of 
land-use data to be visualized as a computer map. Today, 
CORINE represents the environmental information system 
of the European Union—a system based on land-cover and 
land-use geographical data for all of Europe. A task force 
which is in charge of the CORINE Information System has 
been created within the Commission of the European Com- 
munity’s Directorate General for the Environment (Federal 
Statistical Office of Germany, 1990). 


CORINE data are based on satellite images, topographical 
maps and aerial photographs. Land is classified into 44 cat- 
egories of land use and cover, with the smallest unit cover- 
ing 25 hectares. The entire CORINE project is expected to 
cover 2.3 million km? in 12 countries, at a scale of 
1: 100000. Each country within Europe will eventually 
work towards implementing CORINE using a method partic- 
ular to its own area (Institut frangais de l'environnement, 
1994a). 


Germany 


In the Federal Republic of Germany, land statistics are col- 
lected for data mapping through CORINE and the Statistical 
Information System on Land Use (STABIS). Using STABIS, 
land-use/iand-cover maps will be created for three different 
dates (1952, 1972, 1992), while only two different land-cov- 
er/land-use maps (1984, 1992) can be created using 
CORINE. From these data, a system will be set up for ac- 
counting for land use/land cover. Stock accounts will be 
available for certain periods and flow accounts will show 
changes in stocks between periods. The effects of natural 
processes and human activity on land cover/land use will 
also be estimated, with an analysis of the interaction be- 
tween economic activity and land use. Currently a pilot 
project is being carried out to test the applicability and pro- 
cedure of using CORINE (Federal Statistical Office of 
Germany, 1994). 


France 


In France, CORINE is accompanied by Ter-Uti as a data 
source for land-cover accounting. Ter-Uti is an annual 
land-use survey which is based on remote sensing and con- 
ducted mainly to monitor agricultural land. Similar accounts 
to those described for Germany will be created wherein 
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land-use/land-cover change data will be presented in matrix 
form (Institut frangais de l'environnement, 1994b). 


The Netherlands 


Data pertaining to land cover/land use have been entered 
into a GIS for selected years. Changes in land cover/land 
use will be analysed and presented in table or matrix format 
for 35 land categories. 


The land accounting procedure in The Netherlands will also 
incorporate land valuation. Land is classified according to 
35 categories of mixed land use and land cover. The ac- 
counting procedure will place a value on land categorized 
under this classification scheme and values will be entered 
as part of the first National Balance Sheet for the Nether- 
lands. Such values are averages of values provided 
through a survey of municipalities. 


The United Kingdom 


Information on land cover, landscape features and habitats 
in Great Britain is provided by the Countryside Survey (CS), 
carried out in 1990 by the Institute of Terrestrial Ecology 
(ITE). This survey identifies land change by reference to 
earlier surveys, and establishes a new baseline for the 
measurement of future change. The land classes used in 
the CS1990 field survey will be linked with the ITE’s 17 
land-cover map classes and those of CORINE to produce a 
CORINE land-cover map for Great Britain. Land-cover 
change matrices will continue to be produced. 


Detailed changes in land use are studied frequently by the 
Department of the Environment in Great Britain, with such 
Statistics being suited to analyses of changes to urban and 
rural uses and of the recycling of land. The classification for 
recording land-use change is based on 24 separate catego- 
ries of land use, which are combined under the divisions of 
“urban” and “rural” uses (United Kingdom Department of the 
Environment, 1994). 


Estimating land cover and land use 
for Canada 


Two key elements of land statistics are the cover and the 
use of the land. Land cover is what can be seen on the land. 
This is not always directly associated with a specific use. 
The cover may be “coniferous trees” but the use can be ei- 
ther “production forest” or “conservation area”. Land use is 
traditionally defined as the uses humans make of the land 
(residential, commercial, industrial, forestry, agriculture, 
and mining, etc.). To understand the effects our human ac- 
tivities are having on the land and its support functions, it is 
useful to have detailed information on changes in land cover 
and land use over time. 


An initial assessment of the national and provincial data 
shows that there is a substantial quantity of land statistics in 
Canada. Much of this exists in disparate datasets in federal 
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and provincial government departments. A comprehensive 
set of land statistics will require the integration of existing in- 
formation as well as the estimation of important statistics 
(such as detailed cover, use, potential, value) that are not 
measured at the national level. 


The proposed framework for the development of land ac- 
counts for Canada is based on the estimation of basic land 
cover, use, potential and value statistics on the level of 
ecoregion. Statistics on land cover have already been esti- 
mated on an ecoregion basis and show that the resolution 
of the land-cover information results in appropriate esti- 
mates at this level. 


Land-use information exists for periods in the past (such as 
from the CLI and CLUMP) but a recent national perspective 
does not exist. Data are available for certain components of 
land use (residential, agricultural and forestry) and these 
will form the basis for a current national land use estimate. 


Estimating land cover 


Land-cover information for Canada is available for recent 
years from remote sensing imagery. As shown in Map 7.5, 
the data were originally synthesized from three years of sat- 
ellite images. The digital data for this map were tabulated by 
province, and ecozone. The results are presented in 
Table 7.4. In this table, the areas of the provinces and terri- 
tories do not exactly match the official areas. This is mainly 
due to the resolution of the satellite image. At one kilometre 
resolution, many of the smaller features (shoreline details, 
islands, lakes and rivers) are not visible. The estimates for 
water area and total area will be adjusted using more de- 
tailed shoreline and hydrographic data. 


It is not certain that a picture, comparable in scope and de- 
tail to the National Atlas Vegetation Cover, could be gener- 
ated for any period in the past. 


Estimating land use 


The following methodology is based on proportionally allo- 
cating land-use statistics between geostatistical areas and 
environmental geographies. The first stage allocates data 
on Census Enumeration Areas (EAs) to ecoregions. This 
poses some problems in that EAs do not always fit into 
ecoregions. In urban areas, EAs are relatively small com- 
pared to ecoregions. However in rural regions, one EA may 
span several ecoregions (Statistics Canada, 1994).The dis- 
tribution of agricultural land within the EA is not known from 
the Census of Agriculture. Therefore, simple proportional 
allocation introduces statistical figments into the ecoregion 
estimates. In Figure 7.1a, for example, an initial estimate 


_ would allocate 42% of the area of corn planted in EA1 to 


Ecoregion 1, 33% to Ecoregion 2 and 25% to Ecoregion 3. 
It is unlikely that agricultural land is evenly distributed within 
the EA. 


The location of agricultural crop area within EAs can be de- 
termined more accurately by superimposing land-cover and 
land-potential information. Figure 7.1b shows the distribu- 


Environmental Perspectives 


Land Statistics for Canada 


Figure 7.1 


Example of Using Land Cover Data to Determine Extent of Land Use 


(a) (b) 


(c) 


Agricultural cropland area determined from 


: vegetation cover information 
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popatocaly allocate 500 ha of corn cropland 
from EA1 to Ecoregions ER1, ER2, and ER3: 


ER1 = 42% of EA1; corn area = 210 ha within EA1 


ER2 = 33% of EA1; corn area = 165 ha 
ER3 = 25% of EA1; corn area = 125 ha 


tion of agricultural crop area within EA1 derived from a sat- 
ellite image. By applying the land-cover information, the 
allocation of crop area to ecoregion is improved. Figure 7.1c 
shows that since most of the crop area of EA1 was in Ecore- 
gion 1, this ecoregion receives a greater share of the area 
of corn. 


For each of the 217 ecoregions in Canada, it is possible to 
use this general approach to estimate land use according to 
the following classes. 


° Urban: For Urban EAs', the total area of the as EA is 
considered as urban. When EAs straddle an ecore- 
gion boundary, the urban area is proportionally allocat- 
ed between overlapping ecoregions. Map 7.8 shows 
the distribution of Canada’s population for 1991. Each 
dot represents about 300 persons. 


Agriculture: From the Census of Agriculture, major 
agricultural land-use classes (cropland, summerfallow, 
improved pasture) are calculated for EAs and as- 
signed to ecoregions. Areas are proportionally allocat- 
ed between ecoregions when EAs straddle an 
ecoregion boundary. Vegetation cover information is 
used to assign agricultural land use within large EAs 
and to cross-check statistics within ecoregions. 


Forestry: Canada’s Forest Inventory assembles infor- 
mation for about 48 thousand map cells. The major 
forest land category information is aggregated from 
these cells to ecoregions. Vegetation cover information 


1. An urban EA is defined in Statistics Canada’s 1991 Census of Population 
as having a population of 1000 or greater and a population density of 
more than 400 persons per km?. 
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Use agricultural land cover information to 
determine limits of agricultural crop area 


NS 


Proportionally allocate 500 ha of corn cropland 

from EA1 to Ecoregions ER1, ER2, and ER3 

Spr ede by agricultural crop land cover in 
Al: 


ER1 = 96% of EA1 cropland; 

corn area = 480 ha 
ER2 = 4% of EA1 crop land; corn area = 20 ha 
ER3 = 0% of EA1 crop land; corn area = 0 ha 


on forest type is used to allocate forested area within 
large map cells. 


¢ Other: This class is characteristically large during this 
first approximation. 


This approach generates a database of approximately eight 
land-use types and eight land-cover types for each ecore- 
gion. Other useful statistics are also available at this level. 
Data on population, occupation, dwellings, and agricultural 
details (such as land value, major crop type, quantities of 
fertilizer applied) have been estimated for each ecoregion. 


Initially, this database has been created using 1991 infor- 
mation. It allows an initial estimation of land use by province 
and ecoregion. The estimate will also be performed for 1981 
thereby providing a basis for estimating land-use change 
over the decade. 


Future work 


The next stage in developing the Land Account will incorpo- 
rate data on other land uses such as wildlife sanctuaries, 
transportation, industry, mines, and wetlands. It is also ex- 
pected that some estimates, such as detailed land use and 
land cover can be derived from provincial inventories. 


The Canada Land Inventory will be applied to provide a per- 
spective on land potential. Besides assessing land poten- 
tial, the CLI also classified the land as to the reason for a 
limitation for a specific use. For example, if a tract of land 
was in Class 3 (moderate to severe limitations), the reason 
for not being in Class 1 (prime agricultural land) could be 
specified as “unsuitable climate”. This information can be 
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applied to each ecoregion to estimate limitations for partic- 
ular land uses. 


More detailed forest inventory data are available from cer- 
tain provinces such as New Brunswick and British Colum- 
bia. Similarly, more detailed land-use, value and ownership 
data are available from municipal registries. These are only 
beginning to become available in digital format. 


Other sources of land information which will be investigated 
for inclusion in the Statistics Canada Land Account include: 
street networks (Statistics Canada), Digital Chart of the 
World (Environmental Systems Research Institute, ESRI), 
and the Conservation Areas Database (Environment Cana- 
da). These will not only enhance the richness of data in the 
account but also help improve the quality and detail of future 
estimates. 


Conclusion 


Land information provides a valuable basis for many envi- 
ronmental, economic and scientific policy issues. Collecting 
land information at the national level has not been a priority 
since land is mainly a provincial jurisdiction. Past approach- 
es have been expensive and labour-intensive. Statistics 
Canada’s Land Accounting program will develop many key 
national-level land statistics through the assembly of exist- 
ing information. 
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Map 7.2 


Forest Cover and Forest Inventory, 1991 
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Sources 


Natural Resources Canada, Canadian Forestry Service and National Atlas. 
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Map 7.3 
Land Classification from Land Potential Database, 1991 
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Land Classification 
Agriculture 


[| Tundra/barren land 


Sources: 
Agriculture and Agri-food Canada, Land Resource Research Centre. 
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Map 7.4 
Terrestrial Ecozones 
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Source: 
Ecological Stratification Working Group, 1995. 
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Map 7.5 
Vegetation Cover, Composite 1988-1991 
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Source: 
Natural Resources Canada, National Atlas of Canada. 
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Map 7.6 
Vancouver Green Space Within an Urban Environment, 1991 
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Source: 
Statistics Canada, Agriculture Division, National Urban Land Information Base, Spatial Analysis and Geomatics Applications. 
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Map 7.7 
Major and Minor Crop Field Trial Regions 


Source: 


Statistics Canada, Agriculture Division, National Urban Land Information Base, Spatial Analysis and Geomatics Applications. Prepared for Pest Management Regulatory Agency, Health 
Canada. 
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Map 7.8 
Population Distribution, 1991 


approximately 300 persons 


Population Distribution 


One dot 


Sources: 
Statistics Canada, Census of Population and National Accounts and Environment Division 
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8 Pilot Land Accounts for 
New Brunswick 


by Douglas Trant and Giuseppe Filoso 


Introduction 


Canada is the second largest country in the world with an 
area of more than 9.97 million square kilometres. If Cana- 
da’s population was distributed evenly across this area 
there would be fewer than three people per square kilome- 
tre. Despite Canada’s size, 90% of Canadians live in a nar- 
row band along its southern border where population 
densities can exceed 1 000 people per square kilometre in 
larger urban centres.! Land use competition is intense in 
this corridor and this is reflected in high land values and rap- 
idly changing land uses. In Toronto, Canada’s largest city, 
land values in the central business district have ranged as 
high as $12 500 per square metre.? 


Most human activities use land: agriculture, forestry, trans- 
portation, trade and housing. Table 8.1 provides a snapshot 
of how Canada’s land was used in 1985. 


Table 8.1 indicates that most of Canada is not intensively 
used. Only one percent of land area is used for the most in- 
tense urban/industrial land use, while only seven percent is 
used for agriculture the next most intense use category. 


Sixty five percent of Canada’s area is wilderness.° (This 
definition of wilderness refers to land that shows no indica- 
tion of development but may be used for hunting or forest 
harvest). Wilderness abounds in Canada because much of 
the country has little or no land use competition. This is due 
primarily to physiographic and climatic factors that make 
much of the country unsuitable for economic development 
and settlement. 


Land use conflicts are most prevalent in Canada’s southern 
populated areas. Here data on changing land cover and use 
can provide excellent environmental indicators for important 
issues such as changing wildlife habitats, land degradation 
and many others. Spatially accurate and temporally consist- 
ent information on land is essential to quantify the impacts 
of human activity on biodiversity and to provide answers to 
long term sustainability questions. 


For some time now Canada has not had a national program 
to look at land use issues (see Chapter 7). Statistics Cana- 


1. Statistics Canada, 1994, p. 54. 
2. Regional Assessment Commission, Ontario Ministry of Finance. 
3. World Resources Institute, 1990, p. 274. 
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Table 8.1 

Economic Land Uses in Canada, 1985 

Land use Share 

category Description Area’ of total 
thousand km? percent 

Forestry Active forest harvesting or potential for 2 440 24 

future harvest 
Recreation and Recreation and conservation within national, 708 7 


conservation provincial and territorial parks, wildlife 
reserves, sanctuaries, etc. 

Agriculture Agriculture on improved farmland (cropland, 678 7 
improved pasture, summerfallow) and unim- 
proved farmland 

Urban/industrial? Residential and industrial activities of urban 72 1 
environments 

Other activities Includes hunting and trapping, mining, 6 072 61 
energy developments and transportation 

Total 9 970 100 


Notes: 

1. Includes the area of all land and fresh water. 
2. Includes only the 25 major metropolitan areas. 
Source: 

Government of Canada, 1991. 


da’s Land Accounting Program should help fill this gap. The 
main goal of the land accounts is to provide an integrated 
set of land statistics which is consistent nationally and up- 
dated annually. 


The land accounts are being developed on a geographic in- 
formation system (GIS) platform, which will facilitate analy- 
sis of issues at geographic levels ranging from local to 
national. 


The development of detailed land accounts will harmonize 
data now collected by numerous jurisdictions and for many 
different purposes. For example, many of the provinces and 
territories have their own land use classifications. Much of 
the land tenure and land use information resides within the 
registry offices in thousands of municipalities across the 
country. A national land classification is required to permit 
comparisons among jurisdictions and to utilize information 
from a variety of sources. 


At the national level, these data will support comparative 
descriptions and analyses of land use patterns. For exam- 
ple, the benefits and costs associated with converting agri- 
cultural land to urban land can be evaluated, this same 
information can then be used to assess important environ- 
mental issues such as long-term sustainability and biodiver- 
sity. 


This report will present currently compiled land accounts for 
the province of New Brunswick, and will discuss conceptual 
and methodological issues that relate to this process. 
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Methodology and data sources 


A relatively small portion of Canada was selected for devel- 
opment and testing of methodologies and classifications. 
New Brunswick was chosen as an ideal test site not only 
due to its manageable size, but because of its diverse mix 
of land cover types and uses. 


New Brunswick occupies an area of 74 498 km2, or approx- 
imately 0.7% of Canada’s total area. Table 8.2 indicates the 
main land cover types in New Brunswick. 


New Brunswick is primarily forestland with pockets of agri- 
cultural land and settled areas. This mix of large wilderness 
areas interspersed with smaller population centres is repre- 
sentative of much of Canada. 


At this stage the New Brunswick pilot accounts are being 
completed by ecoregion at a 1: 1 million scale. This scale 
is the most practical level at which to work because much of 
the contributing information is available at this level of detail. 


Data sources for the pilot land accounts project were divid- 
ed into two main types: 1) digital geographic boundary da- 
tasets 2) tabular databases. 


Digital geographic datasets 


Several digital boundary files were assessed to see if they 
could provide the required information. When deciding 
which datasets to use three main factors were considered: 
1) comparable datasets should be available at the national 
level, 2) a dataset must be at a constant scale and 3) a da- 
taset should have suitable map projection parameters to 
make it consistent with other information already gathered. 


With these criteria in mind, several datasets were identified, 
these were: 1) the 1991 Vegetation Cover from Natural Re- 
sources Canada, 2) the 1991 enumeration areas (EA) from 


Table 8.2 

Land Cover! in New Brunswick, 1992 

Land cover Share 

category Area of total 
km? percent 

Mixed forest 42 009 56 

Coniferous forest 18 960 25 

Broadleaf forest 9510 13 

Agricultural cropland? 1353 

Barren land 1613 2 

Water 928 1 

Built-up area 125 

Total 74 498 100 

Notes: 


Figures may not add due to rounding. 

1. Land cover is a physical measure which describes what is covering the land surface. 
Land use data describe activities that are taking place on land. A given parcel of land can 
have many different land uses. 

2. Agricultural cropland areas represented in this table are not consistent with the census 
cropland areas reported in Table 8.13. The estimates in this table, which are from satellite 
data, tend to over-estimate cropland areas because open meadow is easily mistaken for 
forage crops. 

Source: 

Natural Resources Canada, 1994b. 
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Vegetation cover — 


: Enumeration area cover 
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Digital Chart o} e World Cover — 


Statistics Canada, 3) the 1994 ecoregion areas from Envi- 
ronment Canada, and 4) the topographic boundary data- 
sets were obtained from the Digital Chart of the World 
Project (DCW). Text Box 8.1 lists the features available in 
each digital map. 


One of the problems with the digital datasets is that the out- 
er boundaries such as shorelines do not overlay exactly. Af- 
ter an initial review of the available shorelines a decision 
was made to use the New Brunswick’s shoreline boundary 
from the DCW dataset. This dataset has a much higher res- 
olution shoreline and as a result will reproduce statistically 
valid area estimates. 


All other datasets were matched to the DCW shoreline to 
make them spatially consistent. This was accomplished by 
using the vector editing capabilities of the GIS. 


This study uses Environment Canada’s State of the Envi- 
ronment Reporting ecoregions, as the principal geographic 
frame for land accounting in New Brunswick. Ecoregions 
represent areas of common biophysical characteristics and 
are naturally distinct units, making them valuable for moni- 
toring and comparing the relative impact of human activity 
in each ecoregion. The other advantage these units provide 
is that they are fixed over time unlike typical administrative 
or politically bounded areas which can change significantly 
from one year to the next. 
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Pilot Land Accounts for New Brunswick 


Tabular datasets 


In conjunction with the digital boundary datasets, various 
socio-economic data from Statistics Canada were also 
used for the pilot. These were: 1) Census of Agriculture 
1971, 1976, 1981, 1986, 1991, 2) Census of Population 
1971, 1976, 1981, 1986, 1991. These datasets were aggre- 
gated from the enumeration area level to the ecoregion lev- 
el by overlaying the digital ecoregion boundary with the 
enumeration area file. 


Land cover and socio-economic 
profiles of New Brunswick and its 
ecological regions 


New Brunswick has a total of seven ecoregions which are 
all part of the Atlantic Maritime ecozone. These ecoregions 
are delineated by distinctive sets of non-living (abiotic) and 
living (biotic) resources that are ecologically related. 
Changes in land cover and use have major environmental 
impacts in these ecoregions. 


This section will examine each ecoregion in New Brunswick 
and profile its major land cover attributes. It will also exam- 
ine a selection of land use indicators that have been derived 
from census information. 


Population size, distribution and density are major factors 
determining the impact that human activities have on the 
environment. For this reason it is useful to know actual pop- 
ulation counts and the urban/rural composition of a given re- 
gion. Population trends provide a useful indication of 
changing environmental stress levels. 


Trends in experienced labour force! reflect employment 
patterns in each area. The resource sector sub-totals pro- 
vided are useful land use indicators in that they reflect em- 
ployment reliance on land use intensive activities. 


Agricultural land areas provide a measure of how intensive- 
ly a particular area is being cultivated. 


Map 8.1 is a digital image of New Brunswick compiled from 
satellite information.The map divides New Brunswick into 
seven land cover classes (coniferous forest, broadleaf for- 
est, mixed forest, barren land, cropland, built-up area and 
water) 


New Brunswick occupies a total of 74 498 km?. Mixed for- 
ests cover an area of 42 009 km? or 56% of the province 
while coniferous and broadleaf forests occupy an additional 
25% and 13% respectively. New Brunswick is 94% forest- 
ed. 


= 


. The experienced labour force refers to persons who during the week prior 
to the census were employed or unemployed, and had worked during the 
18 month period leading up to the census. Experienced labour force sta- 
tistics by ecoregion reflect occupation by place of residence and not occu- 
pation by place of work. 
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As Table 8.3 indicates, the experienced labour force in New 
Brunswick was more than 350 000 strong in 1991, repre- 
senting an increase of 17.5% over 1981. 


The resource sector of the experienced labour force rose by 
only 0.2% for the province as a whole between 1981 and 
1991. 


Table 8.3 
Socio-economic Profile of New Brunswick, 
1971-1991 


Change 
1971 1976 1981 1986 1991 1981-91 
persons percent 
Experienced labour force 
Agriculture a 53 7 263 8111 8 154 12.3 
Forestry bs - 9 242 8 752 7 146 -22.7 
Fishing and hunting ae 53 3 336 4315 4116 23.4 
Mining a 5 3 883 3 978 4 367 12.5 
Resource sector < . 23724 25156 23783 0.2 
Manufacturing = . 48156 45667 46849 -2.7 
Construction = . 21304 21002 23552 10.6 
Transport and storage 4 . 16474 17398 16189 -1.7 
Communication ae " 6 346 6 040 6 357 0.2 
Public utilities se w 3 755 3818 4758 26.7 
Wholesale and retail # . 49173 52921 57420 16.8 
Finance ee . 10510 11338 12602 19.9 
Services es . 80141 94675 109 808 37.0 
Public administration ee . 28121 31531 935010 24.5 
Not defined £ = 10/313 9698 13774 33.6 
Total 5 .. 298017 319244 350102 17.5 
Population 634557 677249 696403 709442 723900 3.9 
Urban proportion (%) 56.9 52.3 50.7 49.4 47.7 -6.0 
Number of farms 5 485 4551 4 063 3 554 3 252 -20.0 
Farmland area (km?) 5 419 4 668 4379 4 089 3 756 -14.2 
Source: 
Statistics Canada, National Accounts and Environment Division. 
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Map 8.1 
Land Cover for New Brunswick, 1992 
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Source: 
Natural Resources Canada, 1994a. 
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Pilot Land Accounts for New Brunswick 


Map 8.2 
Land Cover for the Appalachians Ecoregion, 1992 
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The Appalachians Ecoregion 


Map 8.2 provides a snapshot of the New Brunswick portion 
of the Appalachian Ecoregion. This area is mountainous 
and is primarily wilderness. It has no recorded permanent 
residents. 


The region occupies an area of 2 392 km2, which repre- 
sents 3.2% of New Brunswick’s land area. Of this total area 
1 313 km? or 55% is mixed forest, while coniferous and 
broadleaf stands make up the remaining 45% of the area. 


a a 
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Map 8.3 


Land Cover for the Northern New Brunswick Uplands Ecoregion, 1992 
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Natural Resources Canada, 1994a. 


The Northern New Brunswick Uplands 
Ecoregion 


The Northern New Brunswick Uplands Ecoregion occupies 
21 049 km? in the northwestern corner of New Brunswick. 
This region is characterized by rolling hills and large forest 
Stands interspersed with tiny pockets of agricultural land, 
particularly along river valleys. 


In the Northern New SES Uplands, mixed forest cov- 
ers an area of 12 006 km? or 57% of the region while broad- 
leaf and coniferous forests occupy an additional 22% and 
19% respectively. The region is 98% forested and contains 
the majority of New Brunswick’s most productive forestland. 
On average, forest volumes exceed 100 cubic metres per 
hectare in this region. 


The experienced labour force in the region was more than 
45 000 strong in 1991, representing an increase of 17% 
over 1981. 


The resource sector of the experienced labour force de- 
clined by 3% between 1981 and 1991. 


Table 8.4 


Socio-economic Profile, 1971-1991 


Change 

1971 1976 1981 1986 1991 1981-91 

persons percent 

Experienced labour force 

Agriculture Ee 55 MONS gp ery 1 067 4.2 
Forestry ES oo QAI 2 423 2 324 -5.9 
Fishing and hunting x Se 153 136 141 S78 
Mining Fe % 825 758 778 -5.7 
Resource sector a «- 4473 4444 4310 -3.6 
Manufacturing 55 ~StOOl Mma TAos 7 042 -7.8 
Construction = = 2009 2596 3 004 17.6 
Transport and storage “ ss Ulekis) al thy 1 865 12.6 
Communication ze os 632 494 478 -24.4 
Public utilities _ “f 339 351 569 67.8 
Wholesale and retail trade 5520 6005 6 286 13.9 
Finance a 4; 986 1169 1277 29.5 
Services es « 11169 12425 14368 28.6 
Public administration 2302 2861 3 302 43.4 
Not defined zs el 47s) eet OO5 2 815 91.1 
Total a - 38742 40685 45316 17.0 
Population 93131 93174 96950 98175 100104 3.3 
Urban proportion (%) 50.2 44.9 43.4 41.6 38.1 “12.1 
Number of farms 806 592 534 476 438 -18.0 
Farmland area (km?) 778 607 551 562 569 3.3 


Source: 
Statistics Canada, National Accounts and Environment Division. 
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Map 8.4 
Land Cover for the New Brunswick Highlands Ecoregion, 1992 
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The New Brunswick Highlands Ecoregion 


This unpopulated region is quite isolated from other areas 
of the province, and like the Northern New Brunswick Up- 
lands it is primarily a forested area. It is characterized by 
steep slopes and hilly terrain. New Brunswick's highest 
point - Mount Carleton (817 metres) is located here. 


The region occupies an ake 5 066 km2, of which 2 418 km? 
is mixed forest, 2 297 km? is coniferous forest and 323 km? 
is broadleaf forest. The southern-most portion of the region 
has a small parcel of agricultural land. 


a ee ee 
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Map 8.5 


Land Cover for the Saint John River Valley Ecoregion, 1992 
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Source: 
Natural Resources Canada, 1994a. 


The Saint John River Valley Ecoregion 


This region of New Brunswick which is bordered by the Unit- 
ed States on its western side, is characterized by the St. 
John River and its rich alluvial soils. 


The region is covered primarily by forests which occupied 
3 133 km? or 83% of the ecoregion area in 1992. Agricultur- 
al land and water cover the remainder of the region, occu- 
pying 11% and 6% of the area respectively. 


The region covers an area of 3 771 km? and had a popula- 
tion of 47 879 in 1991. The rural/urban population split was 
69% rural, 31% urban in 1991. Population has declined 
marginally in this area, from 48 665 in 1971. 


The experienced labour force in the region grew by 8.6%, 
from 20 620 to 22 401, between 1981 and 1991. 


The experienced labour force in the land use intensive re- 
source sector declined by 7.6% between 1981 and 1991. 
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Table 8.5 
Socio-economic Profile, 1971-1991 
Change 
1971 1976 1981 1986 1991 1981-91 
persons percent 
Experienced labour force 
Agriculture m6 » 2024 2379 2055 1.5 
Forestry = ee 1 Od) eetrOOn 764 -24.4 
Fishing and hunting ms 8 0 0 ss 
Mining a fe 25 65 17 -32.0 
Resource sector as - 3068 3445 2836 -7.6 
Manufacturing a . 4240 3964 4146 -2.2 
Construction Es - 1343 1228 1390 3.5 
Transport and storage as Scone N24 eliza 4.1 
Communication e es 284 275 258 -9.2 
Public utilities za ie 267 222 259 -3.0 
Wholesale and retail trade ms « 38153 3237 3.283 44 
Finance # ss 434 532 620 42.9 
Services i . 4823 5462 6149 27.5 
Public administration eS - 1049 1191 1238 18.0 
Not defined 2 is 834 694 1051 26.0 
Total = - 20620 21374 22401 8.6 
Population 48665 50018 50587 48617 47879 -5.4 
Urban proportion (%) 40.3 35.6 35.9 32.3 30.8 -14.1 
Number of farms 1218 1122 950 789 637 -32.9 
Farmland area (km?) 1327 1290 1215 1101 983 -19.1 
Source: 


Statistics Canada, National Accounts and Environment Division. 
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Map 8.6 


Land Cover for the Southern New Brunswick Uplands Ecoregion, 1992 
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The Southern New Brunswick Uplands 
Ecoregion 


This ecoregion is located in southern New Brunswick and is 
characterized by a maritime climate, and rolling topography. 
This area occupies 13 149 km?2 or 18% of New Brunswick. 


The region is covered primarily by forests which occupied 
11 733 km? or 89% of the ecoregion in 1992. Water, barren 
land, agricultural cropland and built up areas occupied the 
remaining 11% of the region. 


The rural/urban population split was 42% rural and 58% ur- 
ban in 1991. Population increased significantly in this area 
which had a 1971 population of 126 281. 


The experienced labour force in the region grew by 16.8%, 
from 61 714 to 72 110, between 1981 and 1991. 


The experienced labour force in the land use intensive re- 
source sector increased by 2.1% between 1981 and 1991. 
Workers with experience in forestry declined by 85%, while 
workers in mining and fishing/hunting increased by 258% 
and 89.4%, respectively. 


Table 8.6 
Socio-economic Profile, 1971-1991 
Change 
1971 1976 1981 1986 1991 1981-91 
persons percent 
Experienced labour force 
Agriculture i 5 1 620 1 589 1 752 8.1 
Forestry a6 5 1 133 1 201 166 -85.3 
Fishing and hunting a es 94 127 178 89.4 
Mining re es 317 934 1 135 258.0 
Resource sector 8 és 3 164 3 851 3 231 21 
Manufacturing = rs 9 995 9283 10559 5.6 
Construction a +s 4 873 4 446 4 850 -0.5 
Transport and storage be hs 3 600 3 542 3 336 -7.3 
Communication 2 £ 2 132 2 085 2317 8.7 
Public utilities e . 1 048 952 1039 -0.9 
Wholesale and retail Bi alO7S miso Zann 707, Asie 
Finance ¥s <3 2 825 2 782 3073 8.8 
Services re . 16982 19917 23285 37.1 
Public administration 3 = 3 865 4179 5 160 33.5 
Not defined a se 2 152 1975 2 503 16.3 
Total i . 61714 64399 72110 16.8 
Population 126 281 132988 140107 143534 150 766 7.6 
Urban proportion (%) 69.2 61.9 61.3 59.8 57.7 -5.9 
Number of farms 1231 1 082 1 033 864 859 -16.8 
Farmland area (km?) 1263 1118 1082 972 941 -13.0 
Source: 


Statistics Canada, National Accounts and Environment Division. 
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Map 8.7 


Land Cover for the Maritime Lowlands Ecoregion, 1992 


Source: 
Natural Resources Canada, 1994a. 


The Maritime Lowlands Ecoregion 


This ecoregion is located in eastern New Brunswick and is 
characterized by a maritime climate, and relatively flat to- 
pography. The region occupies 26 986 km? or 36% of New 
Brunswick. This is New Brunswick's largest ecoregion. 


This region is covered primarily by forests which occupied 
25 627 km? or 95% of the ecoregion area in 1992. Barren 
land, water, agricultural cropland and built up areas occu- 
pied the remaining 5% of the region. 


In 1991 the rural/urban population split was 52% rural, 48% 
urban. Population increased by 5.4% in this area since 
1971. 


The experienced labour force in the region grew by 21.4%, 
from 155 746 to 186 999, between 1981 and 1991. 


The experienced labour force in the land use intensive re- 
source sector increased by 0.4% between 1981 and 1991. 
Workers with experience in forestry declined by 15.7%, 
while workers in fishing/hunting increased by 28.9%. Expe- 
rienced agricultural workers also increased by 15.2%. 


7 


pe? Saint John 
(De 


ey Coniferous forest Agricultural cropland 
Ld Built-up area 
Broadleaf forest [ Lakes / rivers 


[]Barren land 


Land Cover Distribution 
km? 
0) 5000 10000 15000 


Mixed 
forest 


Coniferous 
forest 
Broadleaf 
forest 
Agricultural 8 
cropland # 


Lakes / 
rivers 


Barren 
land 
Built-up 
area 


Table 8.7 
Socio-economic Profile, 1971-1991 
Change 
1971 1976 1981 1986 1991 1981-91 
persons percent 
Experienced labour force 
Agriculture s a 2 461 2918 2 835 15.2 
Forestry Fel ms 4447 4010 3 747 -15.7 
Fishing and hunting 3 a 2 306 3 187 2972 28.9 
Mining o 4 2 696 2191 2 409 -10.6 
Resource sector oD - 11910 12306 11963 0.4 
Manufacturing is een SO 11654 enn 5) -4.4 
Construction & - 10891 11565 12937 18.8 
Transport and storage és = 8714 9 672 8717 0.0 
Communication Ss 2 750 2 665 2794 1.6 
Public utilities be ze 1672 1 958 2 530 51.3 
Wholesale and retail es - 26345 29192 32285 22.5 
Finance = es 5 478 6 084 7 046 28.6 
Services es - 41491 50291 59411 43.2 
Public administration a » 19141 21556 23448 22.5 
Not defined ws 5 195 5 009 6 673 28.5 
Total = - 155746 171952 188999 21.4 
Population 319 803 351776 360745 372033 380280 5.4 
Urban proportion (%) SE y/ 53.1 50.6 49.6 48.3 -4.6 
Number of farms 2 073 1635 1 444 1 330 1213 -16.0 
Farmland area (km?) 1 873 1 520 1 425 1344 1 182 -17.0 


Source: 
Statistics Canada, National Accounts and Environment Division. 
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Pilot Land Accounts for New Brunswick 


Map 8.8 


Land Cover for the Fundy Coast Ecoregion, 1992 


Source: 
Natural Resources Canada, 1994a. 


The Fundy Coast Ecoregion 


This ecoregion is located in a narrow strip along the south 
eastern coast of New Brunswick and is characterized by a 
maritime climate, and relatively flat topography. The region 
occupies 2 085 km? or 3% of New Brunswick. 


This region is covered primarily by forests which occupied 
1 863 km? or 89% of the ecoregion area in 1992. Barren 
land, water, agricultural cropland and built-up areas occu- 
pied the remaining 11% of the region. 


The 1991 population in this area was 44 871. The rural/ur- 
ban population split was 48% urban, 52 % rural. 


The experienced labour force in the region grew by 0.4%, 
from 21 195 to 21 276, between 1981 and 1991. 


The experienced labour force in the land use intensive re- 
source sector increased by 30.1% between 1981 and 1991. 
Workers with experience in forestry declined by 19.4%, 
while workers in fishing/hunting increased by 6.5%. 
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Table 8.8 
Socio-economic Profile, 1971-1991 
ee ee eS eS 
Change 
1971 1976 1981 1986 1991 1981-91 
persons percent 
Experienced labour force 
Agriculture b3 bs 134 98 445 232.1 
Forestry 5 = 180 117 145 -19.4 
Fishing and hunting x = 775 865 825 6.5 
Mining # fs 20 30 28 40.0 
Resource sector as . 1109 1110 1443 30.1 
Manufacturing ne . 4125 3582 3907 -5.3 
Construction e O42 mei O7 mS Za -16.5 
Transport and storage es s Use) Wetes) al itee) -20.2 
Communication _ a 548 521 510 -6.9 
Public utilities cs ie 429 335 361 -15.9 
Wholesale and retail ee . 8077 3100 2809 -8.7 
Finance Ss = 787 771 586 -25.5 
Services . 5676 6580 6595 16.2 
Public administration ee . 1764 1744 1862 5.6 
Not defined = me 659 715 732 11.1 
Total es . 21195 20834 21276 0.4 
Population 46677 49293 48014 47083 44871 -6.5 
Urban proportion (%) 62.7 52.3 Sie 49.6 48.3 -5.5 
Number of farms 157 120 102 95 105 2.9 
Farmland area (km?) 178 133 106 110 81 -23.9 
Source: 
Statistics Canada, National Accounts and Environment Division. 
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Land use profiles from Statistics Population 


Canada census information The intensity of many economic land use activities is related 
to the distribution of human populations. In 1991, the prov- 
ince of New Brunswick had a population of 723 900 people, 
with an average density of 9.7 people per km? (Table 8.9). 
Provincial population grew by 14.1%, between 1971 and 


New Brunswick’s land is used for many different purposes. 
Every square metre of land has a host of natural processes 
taking place upon it. Examples include, water absorption or 


evaporation, vegetation growth or decay, or even seasonal 1991. 

heat loss or gain. Recently, human activities have begun to In 1991, the Maritime Lowlands ecoregion had the highest 
use greater and greater amounts of land. These activities population of any ecoregion in New Brunswick, with more 
range from low intensity uses like a recreational hike than 380 thousand inhabitants. The major urban centres of 
through an area, to more intense activities such as the cul- Fredericton, Moncton and Miramichi are located within this 
Economic activities that use land have a lasting effect on New Brunswick Uplands. This region was home to more 
the landscape. The economic infrastructure we see today than 150 thousand individuals in 1991. The remaining three 


populated ecoregions the Northern New Brunswick Up- 
lands, the Saint John River Valley and the Fundy Coast had 
100 thousand, 48 thousand and 45 thousand inhabitants re- 
spectively. There are two ecoregions with no recorded per- 
manent residents in recent census years, The Appalachian 


Originates upon land that once supported only natural habi- 
tats. Examples of natural habitat conversion include the 
construction and maintenance of paved roadways through 
forested areas as well as the development of towns and cit- 
ies along these transportation corridors. Most changes in 


the economy have an immediate land use change implica- ecoregion and the New Brunswick Highlands ecoregion. 
tion. An intensification of a particular land use activity re- The population density figures in Table 8.9 indicate the dis- 
quires more resource inputs and tends to displace tribution of people relative to the supporting land base. The 
competing activities, particularly if the competing activities Fundy Coast ecoregion is the most densely populated, with 
are natural processes. This is because natural processes densities ranging from 22 to 24 people per km2, between 
operate independently of the economy and are seldom giv- 1971 and 1991. The Maritime Lowlands and Saint John Riv- 
en a price and are often given only aesthetic value. For ex- er Valley regions were the second and third most densely 
ample, opening up new land for agricultural production populated regions in 1991, with an average of 14.1 and 12.7 
modifies existing natural habitat and requires that nutrients people per km? respectively. Trends that indicate increas- 
and energy be imported to offset those consumed by the ing densities indicate areas where land use competition is 
crop which is harvested. The opposite can also be true likely on the rise as well. This is particularly true in the Mar- 
when a decline in an economic activity allows competing ac- itime Lowlands where the urban centres of Fredericton and 
tivities to re-build and intensify. One example of this set of Moncton have been expanding over the past 20 years. 


circumstances would be the re-population of a stream with 
salmon after a newly regenerated forest takes root in a 
logged watershed. 


Table 8.10 examines the urban/rural composition of New 
Brunswick’s population by ecological region. Unlike most 
other provinces and territories in Canada, the general trend 


Information from Statistics Canada’s censuses is ideally in New Brunswick is towards an increasingly rural popula- 
suited for analysis of broad socio-economic trends which af- tion. Rural population has increased by 38.5%, while urban 
fect land. The census data do not provide sufficient detail to population has declined by 4.4% for the province as a 
address issues such as a change in micro-habitat, but they whole. In New Brunswick, the rural non-farm population is 
do provide important insight into the impact of larger scale increasing while the farm population appears to be declin- 
human activities on the environment. ing. Most of the rural population increase is occurring in the 
Table 8.9 


Population by Ecoregion, 1971-1991 
Population change Average population density 


Ecoregion Population 
Ecoregion area 1971 1976 1981 1986 1991 1971-1991 1971 1976 1981 1986 1991 
km? persons percent persons per km? 

Appalachians 2392 - - - - - - 
Northern New Brunswick Uplands 21049 93 131 93 174 96 950 98175 100104 7.5 4.4 4.4 46 4.7 4.8 
New Brunswick Highlands 5 066 : - - - : - 

Saint John River Valley 3771 48 665 50 018 50 587 48 617 47 879 -1.6 12.9" 13:3) 13/429 t2s7, 
Southern New Brunswick Uplands 13 149 126 281 132988 140107 143534 150766 19.4 9.671051 10:7 10.9 Maaco 
Maritime Lowlands 26 986 319803 351776 360745 372033 380280 18.9 11.8) 13:0 13/458 13:6 elaer 
Fundy Coast 2 085 46 677 49 293 48 014 47 083 44 871 -3.9 22.4 23.6 23.0 226 21.5 


Total 74 498 634557 677249 696403 709442 723900 14.1 8.5 9.1 9.3 9.5 9.7 
Sources: SS 


Statistics Canada, National Accounts and Environment Division and Demography Division. 
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Table 8.10 
Rural and Urban Population by Ecoregion, 1971-1991 
Ecoregion Rural population Change Urban population Change 
Ecoregion area 1971 1976 1981 1986 1991 1971-1991 1971 1976 1981 1986 1991 1971-1991 
km? persons percent persons percent 
Appalachians 2392 - 
Northern New Brunswick Uplands 21049 46374 51346 54885 57315 61922 33.5 46757 41828 42065 40860 38182 -18.3 
New Brunswick Highlands 5 066 2 
Saint John River Valley 3771 29073 32215 32438 32901 33132 14.0 19592 17803 18149 15716 14747 -24.7 
Southern New Brunswick Uplands 13 149 38876 50660 54220 57738 63812 64.1 87405 82328 85887 85796 86954 -0.5 
Maritime Lowlands 26 986 141677 165115 178168 187481 196625 38.8 178126 186661 182577 184552 183655 3.1 
Fundy Coast 2 085 17410 23495 23472 23704 23195 33.2 29267 25798 24542 23379 21676 -25.9 
Total 74 498 273 410 322831 343183 359139 378 686 38.5 361147 354418 353220 350303 345214 4.4 
Note: 


An urban area is an area which has attained a population of at least 1 000 and a population 


that do not meet the urban definition. 
Sources: 
Statistics Canada, National Accounts and Environment Division and Demography Division. 


Table 8.11 


density of at least 400 per square kilometre, at the previous census. Rural areas include all areas 


Number of Farms and Average Farm Size by Ecoregion, 1971-1991 


Ecoregion Number of farms Change Average farm size Change in size 
Ecoregion area 1971 1976 1981 1986 1991 1971-1991 1971 1976 1981 1986 1991 1971-1991 
km? number percent hectares per farm percent 
Appalachians 2 392 - - - - 
Northern New Brunswick Uplands 21 049 806 592 534 438 -45.7 96.6 1026 103.2 118.0 129.9 34.6 
New Brunswick Highlands 5 066 - - - - - - - - - 
Saint John River Valley 3771 Wee) a) 2 950 637 -47.7 109.0 1149 127.9 139.5 154.3 41.6 
Southern New Brunswick Uplands 13 149 1231 1082 1033 859 -30.2 102.6 103.3 104.7 1125 109.6 6.8 
Maritime Lowlands 26 986 2073 1635 1444 #1330 1213 -41.5 90.3 93.0 98.7 101.0 97.5 7.9 
Fundy Coast 2 085 157 120 102 105 -33.1 113.6 1105 103.8 1162 76.8 -32.4 
al 74 498 5485 4551 4063 3554 3252 -40.7 98.8 1026 107.8 115.0 115.5 16.9 


Tot 


Sources: 
Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


rural fringes of larger urban centres and in a selection of 
small rural centres. 


Individual ecoregions that are showing large urban declines 
are the Fundy Coast and the Saint John River Valley with 
25.9% and 24.7% declines, respectively. 


These statistics indicate that land use competition associat- 
ed with increases in urban core populations are not as pro- 
nounced in New Brunswick as they are elsewhere in 
Canada. For the most part New Brunswick’s ecoregions, 
with perhaps the exception of the Maritime Lowlands, show 
stable or declining urban populations. 


Agriculture 


Agriculture is a major user of quality land in New Brunswick. 
All of the most fertile lands in the province are now fully uti- 
lized by agriculture. 


New Brunswick’s agricultural industry has been undergoing 
significant changes over the last 20 years. Most of these 
changes have land use implications. Table 8.11 indicates 
that the total number of farms has declined significantly. 
The number of farms shrank from 5 485 in 1971, to 3 252 in 
1991, representing a 40.7% decline. At the same time aver- 
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age farm sizes have been increasing going from 98.8 hec- 
tares in 1971, to 115.5 hectares in 1991, for a 16.9% 
increase in average size. 


The land use implications of an increasing farm size are 
clear. Fewer and fewer people are operating more and 
more land, indicating that land use decisions are now being 
made at a larger scale relative to a larger farm size. This in- 
creasing size trend also signals the decline of the traditional 
individual family farm. In fact, the number of individual fam- 
ily farms dropped from 93% of New Brunswick farms in 
1976, to an all time low of 68% of farms in 1991. 


The area of farmland in operation in New Brunswick de- 
clined in all ecoregions (Table 8.12). The relative declines 
ranged from 25% in the Southern New Brunswick Uplands 
to 55% in the Fundy Coast. The region with the largest ab- 
solute decline in area was the Maritime Lowlands, losing 
691 km? or approximately one third of its farmland area 
since 1971. Declining farmland areas do not imply that all of 
the land that was farmland is now essentially abandoned, 
but rather that much of it may have moved to other main 
uses such as residential, commercial, recreational, or even 
to newly forested land. 
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Table 8.12 
Farmland by Ecoregion, 1971-1991 

Ecoregion Farmland area Change Proportion of ecoregion in farmland 
Ecoregion area 1971 1976 1981 1986 1991 1971-1991 1971 1976 1981 1986 1991 

km? percent 

Appalachians 2392 - - = - - 3 - - - - - 
Northern New Brunswick Uplands 21 049 778 607 551 562 569 -26.9 4 2.89 2.62 2.67 2.70 
New Brunswick Highlands 5 066 = = - = = - - - - - 
Saint John River Valley 3771 127d OOM 21 Sie Oi 983 -26.0 35 3420 32.23 29.20 26.07 
Southern New Brunswick Uplands 13 149 1263 1118 # £1082 972 941 -25.4 10 8.50 8.23 7.39 7.16 
Maritime Lowlands 26 986 1873) 1 S209 1/425 91 944 ei 82 -36.9 7 5.63 5.28 4.98 4.38 
Fundy Coast 2 085 178 133 106 110 81 -54.8 9 6.36 5.08 5.29 3.87 
Total 74 498 5419 4668 4379 4089 3756 -30.7 7 6.27 5.88 5.49 5.04 
Sources: _ a 


Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


Table 8.13 
Cropland by Ecoregion, 1971-1991 

Ecoregion Cropland area Change Proportion of farmland in cropland Change 
Ecoregion area 1971 1976 1981 1986 1991 1971-1991 1971 1976 1981 1986 1991 1971-1991 

km? percent 

Appalachians 2392 - - - = - = - 5 - - - - 
Northern New Brunswick Uplands 21 049 219 205 195 212 197 -10.4 28.2 33.7 35.5 37.6 34.5 22.6 
New Brunswick Highlands 5 066 = > = = = : S - = = 
Saint John River Valley 3771 484 522 492 480 457 -5.7 365 405 405 436 46.5 27.4 
Southern New Brunswick Uplands 13 149 226 246 241 233 234 3.3 Wi-Omenece. OMe omnes Om CaS 38.6 
Maritime Lowlands 26 986 340 365 353 340 314 -7.5 18.1 24.0 248 253 266 46.6 
Fundy Coast 2 085 35 32 24 30 21 -39.8 19.4 242 223 27.4 258 33.1 
Total 74 498 1304 1371 1305 1295 1222 -6.3 24.1 29.4 29.8 31.7 32.5 35.2 
Sources: 


Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


One useful land use intensity measure that can be derived processes such as the growth of wildlife populations to ex- 
from census data is the proportion of an ecoregion’s area pand. Declines in farmland area also indicate that pressure 
that is used for farmland. This measure combined with other on marginally productive farmland which cannot sustain 
land use information (industrial, residential, commercial) long term production is likely declining. 


would provide an indication of the degree to which human 
activity has altered natural ecosystems and potentially influ- 
enced biodiversity in an area. 


Table 8.13 presents New Brunswick’s cropland distribution 
by ecoregion. The distribution of cropland within an area, 
provides an indicator of how intensively a particular ecore- 


Table 8.12 summarizes findings for New Brunswick and its gion’s farmland is being utilized. Cropland tends to be the 
ecoregions. The province has a relatively low proportion of most highly cultivated land, demanding more tillage, fertiliz- 
its land in agriculture. In 1991 only 5% of land in New Brun- er and pesticides than other types of farmland. 


swick was used for agriculture, in contrast, Saskatchewan 
used 47% of its land for agriculture. The divergence in these 
figures is due primarily to the supply of arable land available 
in each province. New Brunswick has a very limited supply 
of quality agricultural land which can be seen in Table 8.12. 


The total area of cropland declined by 6.3%. This is a mod- 
est decline, relative to the more dramatic 30.7% decrease 
in farmland area. Table 8.13 presents the area of cropland 
and the proportion of farmland devoted to crops. A greater 
proportion of farmland is being utilized to produce crops. 


From an ecoregion perspective, of the five ecoregions that Over the longer term there is a clear indication that land use 
have agriculture, four have less than 10% of their area in intensity on farmland in each ecoregion is on the rise. 
agriculture. The exception is the Saint John River Valley 

which had 35.2% farmland in 1971, declining to 26.1% by Trends in cropping practice indicate changing levels of en- 
1991. Most of New Brunswick’s highest quality agricultural vironmental stress, and help to answer questions about the 
land is located in this region. long term sustainability of agriculture and the soils which 


support it. Table 8.14 presents trends in the area of wide- 
row monoculture for the province of New Brunswick. Wide- 
row monoculture is the continual planting of wide-row crops 
on a year after year basis. This practice is often damaging 


In general, this decline in farmland proportions can be seen 
as beneficial from an environmental perspective. The re- 
duced extent of active agriculture allows competing natural 
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and is often carried out in an effort to maintain cash flow on 
farms. 


From an ecological perspective, the most stable biotic com- 
‘munities are very complex with countless species interact- 
ing to form a diverse community network. The tropical rain 
forest is perhaps the most stable ecological community, de- 
riving its stability from a multitude of checks and balances 
that serve to suppress the domination of any particular spe- 
cies, while at the same time preventing the extinction of oth- 


Table 8.14 


er species. In contrast, monoculture cropping systems are 
inherently unstable; they are more susceptible to outbreaks 
of insects, disease, weeds and micro-nutrient imbalances. 
Despite these high ecological costs, monoculture cropping 
systems are the most productive. They create their own 
economies of scale and use specialisation to increase pro- 
duction levels. Monoculture levels can be measured from 
census data by looking at the land use information reported 
on census questionnaires. 


Cropland in Wide-row Monoculture Crops by Ecoregion, 1971-1991 


Ecoregion Wide-row monoculture cropland area Change Proportion of total cropland in wide-row monoculture 
Ecoregion area 1971 1976 1981 1986 1991 1971-1991 1971 1976 1981 1986 1991 
km? hectares percent 

Appalachians 2392 

Northern New Brunswick Uplands 21 049 1979 2479 2212 2 258 1 793 -9.4 9.0 12.1 alse} 10.7 9.1 
New Brunswick Highlands 5 066 

Saint John River Valley 3771 10193 11287 7 922 8 249 8 107 20.5 21.0 21.6 16.1 We UVETS 
Southern New Brunswick Uplands 13 149 

Maritime Lowlands 26 986 276 270 892 249 255 7.6 0.8 0.7 2.5 0.7 0.8 
Fundy Coast 2 085 - - - - - - - - - - - 
Total 74 498 12448 14036 11026 10756 10154 -18.4 9.5 10.2 8.4 8.3 8.3 
Note: 


Wide-row monoculture is defined as the planting of wide-row crops, on a continual year after year basis, on the same parcel of land. 


Sources: 
Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


Map 8.9 


Wide-row Monoculture by Ecoregion, 1971 and 1991 


Norther 
Brunswi 


aN 


Note: 


Wide-row monoculture 
in 1971 (thousand ha) 


Wide-row monoculture 
in 1991 (thousand ha) 


Non-agricultural 
land 


i 
Maritime Lowlands 


Wide-row monoculture is defined as the planting of wide-row crops, on a continual year after year basis, on the same parcel of land. 


Sources: 
Statistics Canada, National Accounts and Environment Division and Agriculture Division. 
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Wide-row monoculture demands high levels of agricultural 
inputs. Pesticide expenses per hectare on wide-row mono- 
culture farms are 5 times those on other farms, while ferti- 
lizer expenses are more than 4 times higher. Wide-row 
monocultures have an erosion rate 2-3 times that of a grain 


crop. 


The practice of wide row monoculture is most common in 


the Saint John River Valley (Map 8.9). 


In New Brunswick wide-row monoculture trends are in de- 
cline after reaching a maximum extent of more than 14 
thousand hectares in 1976. From 1971 to 1991 wide-row 
monoculture areas have declined by more than 18%. This 
is indeed a positive environmental trend and indicates that 
farmers in New Brunswick are now employing their land in 
less stressful cropping systems, allowing the soil some res- 


pite from continual cash crop production. 


Table 8.15 presents information on cropland under crop ro- 
tation by ecoregion. As the table indicates, most cropland in 
New Brunswick falls into this general category indicating a 


healthier mix of crops. 


Other relevant agricultural land use statistics derived from 
census data relate to farm chemical inputs which are ap- 
plied to farmland on a large scale. Both pesticides and fer- 


Table 8.15 


Cropland in Crop Rotation by Ecoregion, 1971-1991 


Ecoregion 


Appalachians 

Northern New Brunswick Uplands 
New Brunswick Highlands 

Saint John River Valley 

Southern New Brunswick Uplands 
Maritime Lowlands 


Fundy Coast 


SET 88 OG GT 
Total 74 498 82287 107234 99606 97646 91114 10.7 63.1 78.2 76.3 75.4 74.5 
oo TOS ISA AS 


Sources: 


Ecoregion 


area 
km 
2392 
21049 
5 066 
Sara 
13 149 
26 986 
2 085 


2 


1971 


14 499 


20 150 
16 517 
28 036 
3 086 


tilizers which have high potential environmental impact, are 
included on this list. 


Agricultural pesticides are applied to control insects, weeds 
and crop diseases in an effort to maintain crop quantity and 
quality. Table 8.16 shows expenditures on pesticide being 
applied on improved farmland. Pesticide expense data pro- 
vide an indication of the amount of pesticide entering the 
environment. Many factors influence the environmental im- 
pacts of pesticides. These include the time of application, 
rainfall, stability of the pesticide, method of application, and 
many others. The application rate for pesticides applied on 
farmland in New Brunswick increased by more than 93% 
between 1970 and 1990 (Table 8.16). The ecoregion with 
the highest application rate is again the Saint John River 
Valley where wide-row crop production is also highest. 


On a national basis, New Brunswick pesticide application 
rates in dollar terms are quite high. New Brunswick’s 1990 
rate of 49 dollars per hectare is triple the national average 
of 16 dollars. 


The application of commercial fertilizers can also pose 
some unique impacts on the environment. Ideally, the ma- 
jority of agricultural fertilizers are consumed by crops short- 
ly after application. However, residual fertilizer nutrients can 
be lost to the atmosphere, absorbed by wild plant species 
or be released from the soil into both surface and ground- 


Rotational cropland area Change Proportion of total cropland in rotational crops 
1976 1981 1986 1991 1971-1991 1971 1976 1981 1986 1991 
hectares percent 
15359 13109 13151 13207 -8.9 66.1 75.0 67.1 62.2 67.2 
32619 32705 33077 30718 52.4 41.6 62.5 66.4 68.9 67.2 
23038 21202 20523 20980 27.0 73.1 93.5 88.0 88.0 89.8 
33 387 . 30614 28946 24836 -11.4 82.5 91.4 86.8 85.3 79.0 


2 832 


WAY ME 1950 


Statistics Canada, National Accounts and Environment Division and Agriculture Division. 
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Agricultural Pesticide Expenditures by Ecoregion, 1970-1990 


Ecoregion 


Appalachians 

Northern New Brunswick Uplands 
New Brunswick Highlands 

Saint John River Valley 

Southern New Brunswick Uplands 
Maritime Lowlands 

Fundy Coast 


x 
Total 74 498 4 444 60.9 25 2 31 40 49 93.2 
ee eS 88 


Sources: 


Ecoregion 


area 
km 

2 392 
21 049 
5 066 
3771 
13 149 
26 986 
2 085 


2 


24 


- 25 28 37 
- 5394 6300 7149 


Statistics Canada, National Accounts and Environment Division and Agriculture Division. 
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89.2 


88.1 


83.6 


64.4 


66.1 


Agricultural pesticide expenditure Change Application rate Change 
1970 1975 1980 1985 1990 1970-1990 1970 1975 1980 1985 1990 1970-1990 
thousand 1991 dollars percent 1991 dollars per hectare of improved land percent 
1 292 755 1035 832 -35.6 46 31 43 38 EAT AS) 
2518 3906 4235 5010 99.0 44 67 78 99 125.1 
158 165 256 430 171.1 5 5 8 14 193.1 
451 543 746 841 86.2 9 11 17 21 133.3 


272.8 
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Map 8.10 
Value of Agricultural Pesticides Applied, by Ecoregion, 1970 and 1990 
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Sources: 
Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


Map 8.11 
Fertilizer Use by Ecoregion, 1970 and 1990 


Tonnes per hectare 
in 1970 
Tonnes per hectare 
in 1990 
Non-agricultural 
land 


Agricultural land 


Fundy Coast 


Sources: 
Statistics Canada, National Accounts and Environment Division and Agriculture Division. 
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Table 8.17 
Agricultural Fertilizer Application by Ecoregion, 1970-1990 

Ecoregion Commercial fertilizer Change Application rate Change 
Ecoregion area 1970 1975 1980 1990 1970-1990 1970 1975 1980 1985 1990 1970-1990 

km? tonnes percent tonnes per hectare of improved land percent 

Appalachians 2 392 - - 
Northern New Brunswick Uplands 21049 6 194 as 7 099 6 001 -3.10 0.74 =f 1.01 1.76 1.40 89.7 
New Brunswick Highlands 5 066 se - - - - Fe : - - - 
Saint John River Valley 3771 23 046 = 32 296 24 487 6.26 1.68 “6 2.29 2.41 20% 53.0 
Southern New Brunswick Uplands 13 149 2 986 = 4 227 5 543 85.60 0.23 3 0.32 0.45 0.55 144.8 
Maritime Lowlands 26 986 5 774 = 8 569 7 207 24.83 0.28 x 0.47 059 0.57 104.8 
Fundy Coast 2 085 316 oS 352 310 -1.90 0.09 op 0.15 0.31 0.39 322.2 
Total 74 498 38 316 52543 47944 43549 13.66 0.64 és 0: 9G meld Sd 72 81.5 
Sources: 


Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


water supplies. The degree to which fertilizers impact the 
environment is largely dependent on local conditions at the 
time of application. 


Table 8.17 presents the tonnes of fertilizer applied in each 
ecoregion and the average rate at which it was applied. The 
Saint John River Valley ecoregion uses more than half of 
the province’s agricultural fertilizer largely because of the 
crop types that are grown there. The application rates in this 
region are also much higher than they are in the other re- 
gions of New Brunswick. 


Maps 8.10 and 8.11 provide graphic evidence of the differ- 
ences in both pesticide and fertilizer use for the ecoregions 
of New Brunswick. The magnitude of the differences in ap- 
plication rates is quite apparent from the varying heights of 
the bars presented. 


Conclusion 


Results from the Pilot Land Accounts for New Brunswick il- 
lustrate that the estimation techniques learned and applied 
in New Brunswick will have value when applied elsewhere 
in Canada. The large national data sets that were selected 
for this study were able to provide relevant land accounting 
information for small sub-provincial areas. 


This study found that population pressures and associated 
land use competition that have persisted around many Ca- 
nadian cities were generally absent throughout most of New 
Brunswick. In fact, trends indicate that more and more peo- 
ple are choosing to live at lower densities outside cities, in 
a rural setting. 


From an agricultural land use perspective, the area of agri- 
cultural land operated in New Brunswick has declined, indi- 
cating that land use competition between agriculture and 
other uses has also declined over the last 20 years. Other 
findings indicate that land use intensity on remaining farm- 
land increased because a greater and greater share of 
farmland was being cropped. 
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Environmentally stressful wide-row monoculture trends ap- 
pear to be in decline, while pesticide and fertilizer applica- 
tion rates both increased over the 20 year study period. 


The land cover picture emphasizes New Brunswick’s status 
as a forested province. More than 95% of the province is 
forested. Limitations to the land cover analysis come largely 
from the fact that historical land cover data have not yet 
been utilized, making it difficult to address the important en- 
vironmental change questions that are associated with 
changing land cover types. Future land accounting initia- 
tives will hopefully overcome this shortfall. 
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9 Valuation of Canada’s 
Agricultural Land 


_ by Julie McAuley 


Introduction 


Quality agricultural land is a scarce resource in Canada. 
Even though 100 million hectares out of a land area of 922 
million hectares are capable of supporting any kind of agri- 
cultural production, only 45 million hectares are capable of 
supporting field crops, and only 4 million hectares, or 0.5% 
of the land area (about the size of Prince Edward Island), 
are considered prime agricultural land. The conservation of 
land for the future requires that today’s land valuation take 
into account all the costs associated with its use. 


The purpose of this paper is to outline an alternative method 
for valuing Canada’s agricultural land. The first part exam- 
ines current methods of agricultural land valuation, while 
the remainder outlines a new technique in which the value 
of land is derived from agricultural inputs and outputs. The 
case study deals with the province of New Brunswick and 
offers a first estimation based on available data. 


Land in the national accounts 


In the latest international guidelines on national account- 
ing,' land is defined as the ground itself, with the soil and 
associated surface water, to the exclusion of everything 
else that may be related to it (buildings, crops, trees, subsoil 
assets, etc.). It is classified as a tangible non-produced as- 
set and divided into broad categories, on the basis of utili- 
zation: (1) land underlying buildings and structures; (2) land 
under cultivation (covered by crops or timber); (3) recrea- 
tional land (national parks for instance); and (4) other land 
(undeveloped or unexploited). 


Since the SNA is a framework designed for the purposes of 
economic analysis, it focuses mainly on economic produc- 
tion and economic assets. Natural assets (i.e., land, subsoil 
assets, timber, water resources) are called tangible non- 
produced assets and are included in the balance sheet ac- 
counts when they are subject to effective ownership and are 
capable of bringing economic benefits to their owners. In 
other words, only resources which can be put to an eco- 
nomic use are deemed to contribute to national wealth. En- 


1. United Nations et. a/., 1993; para. 10.121 (hereafter abbreviated as 1993 
SNA). 
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vironmental assets on which no property can be 
established, such as air or the high seas, are ignored. 


Presently, in the Canadian System of National Accounts 
(CSNA), the only tangible non-produced asset appearing 
on the national balance sheet is “commercial” land, subdi- 
vided into residential, non-residential and agricultural land. 
The value of agricultural land is derived from farm real es- 
tate values reported to the quinquennial Census of Agricul- 
ture, which are then split between land and buildings. 
Estimates for intercensal years are based on real estate 
transactions of farm holdings. Public land is ignored. 


In accordance with the recommendations of the 1993 SNA, 
Statistics Canada will incorporate natural resources in the 
national balance sheet, beginning with the historical revi- 
sion of 1997. In the case of land, the task that lies ahead is 
twofold. First, there is a need to establish a value for all 
land presently excluded, which is mostly publicly-owned 
and undeveloped. Secondly, existing valuation methods 
must be re-examined, especially for agricultural land. 


The problem is that the market value of farm real estate re- 
ported to the Census tends to reflect the potential for alter- 
native use - usually for urban development - rather than the 
intrinsic value of the farmland. A valuation methodology is 
needed to capture this intrinsic value. 


Statistics Canada’s Land Account 


Statistics Canada will develop a land account that will sys- 
tematically classify land, by type of vegetation cover and by 
use. All land will eventually be valued in the land account 
according to its use. Statistics Canada is debating whether 
these values will replace the existing ones in the National 
Balance Sheet. A separate set of estimates will also provide 
values according to potential (refer to Chapter 7). 


Agricultural land in Canada 


The geographic distribution and value of agricultural land is 
far from uniform. Land uniquely suited for growing certain 
crops like corn, fruit, tobacco, and most vegetables (approx- 
imately 4.4 million hectares) is found mainly in southern On- 
tario, the Annapolis Valley in Nova Scotia and the Lower 
Fraser Valley in British Columbia. According to the Canada 
Land Inventory, 71% of the country’s good land (Classes 1- 
3) is located in the Prairie Provinces. Roughly 87% of Can- 
ada’s very best farmland (Class 1) is located within 160 kil- 
ometres of the 23 largest cities, and 57%, within 80 
kilometres of these centres (Statistics Canada, 1994a; En- 
vironment Canada, 1980). 


Historical statistics on the number of farms and use of farm- 
land are presented in Table 9.1. The total area devoted to 
farmland has been fairly constant since the 1940s. Less 
farmland is being left idle, however, as the share of im- 
proved farmland has been on the increase. The number of 
farms has decreased from a peak of 733 thousand in 1941 
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Table 9.1 
Farms and Farmland, 1901-1991 


Improved farmland 


Improved Summer Other 

Year Cropland pasture fallow land! 
million hectares 

1901 8.1 - 41 
1911 14.4 -- 1.0 4.3 
1921 20.2 3.1 4.8 0.5 
1931 23.6 3.2 6.8 11 
1941 22.8 3.4 9.5 1.4 
1951 25.2 4.0 8.9 ites 
1961 25.3 4.1 11.4 1.0 
1971 27.8 4.1 10.8 1.0 
1976 28.3 4.1 10.9 0.9 
1981 30.9 4.1 9.7 1.4 
1986 33.2 3.6 8.5 0.7 


Unimproved Total Number Average 
farmland farmland of farms farm size 
thousands hectares per farm 

13.5 25.7 Siied 50.3 
24.4 44.1 682.8 64.6 
28.4 57.0 711.1 80.2 
31.3 66.0 728.6 90.6 
33.1 70.2 732.9 95.8 
31.2 70.4 623.1 113.0 
28.0 69.8 480.9 145.1 
25.0 68.7 366.1 187.7 
24.2 68.4 338.6 202.0 
19.8 65.9 318.4 207.0 
21.8 67.8 293.1 231.3 


1991 33.5 4.1 7.9 % 8s 67.8 280.0 242.1 
=. eee ee ce 


Note: 
1. Other land refers to barn yards, laneways and other unclassified lands. 


Source: 
Statistics Canada, Agriculture Division. 


to 280 thousand in 1991. At the same time, the average 
farm size has increased five-fold, from approximately 50 
hectares in 1901 to 242 hectares in 1991. Reasons for 
these changes include larger, more specialized operations 
(agribusiness) and increased mechanization. 


As the population grows and the economy expands, more 
space is required for housing, transportation, recreation and 
industry. The buffer areas surrounding cities, commonly re- 
ferred to as the rural-urban fringe, experience competing 
demands for land that result from urban expansion. Land 
values in urban fringe areas often increase due to their 
proximity to cities rather than from their potential as agricul- 
tural land. This growing development is driving up the mar- 
ket price for farmland and is causing farmland to be 
fragmented. The smaller fragments of land are often re- 


Table 9.2 


moved from agricultural production, due to access limita- 
tions or conflicts with residents. 


Much of the information on agricultural land value comes 
from Statistics Canada census and survey vehicles. In the 
Census of Agriculture, the value of land used for agriculture 
is collected as a part of the measure of the value of farm 
capital. This amount refers to the market value of the farm 
capital employed in the production of agricultural commod- 
ities, whether owned or leased. Historical statistics are 
shown in Table 9.2. 


The three components of farm capital are livestock and 
poultry, land and buildings, and farm implements and ma- 
chinery. Livestock and poultry include cattle, hogs, sheep, 
chickens, turkeys, mink and fox on farms. Separate esti- 
mates are made for autos, trucks and other farm machinery. 
The market value of land and buildings used in agricultural 


Value of Agricultural Capital by Province, 1971-1994 


To EE eee 

Year Nfld. BEL N.S. N.B. Que. Ont. Man. Sask. Alta. B.C.! Canada 

FS SS A OOS KALA. Ce ade 
55 EE eee 


million dollars 
1971 a 161 205 172 2 167 6 868 2 047 5 465 5 202 1 594 23 882 
1976 71 327 449 350 4196 16 963 4534 12 687 13 863 3 602 57 043 
1981 116 702 907 669 9513 31 286 10 463 31 355 36 855 8 532 130 397 
1986 106 735 959 754 9 423 23 663 9 533 29 224 28 531 6 473 109 400 
1987 116 746 992 769 9915 23 806 9 328 27 430 27 925 6 277 107 303 
1988 129 759 1 032 789 10 207 26 528 8 984 26 584 27 656 6 547 109 216 
1989 143 820 1094 811 10 782 32 297 9 564 26 745 29 984 7 140 119 381 
1990 159 927 1155 872 11592 35 603 10 290 26711 31 434 7 891 126 633 
1991 176 938 1149 913 ial 7A 37 517 10179 25 638 30 559 8 539 127 379 
1992 178 958 1145 901 WTA 35 387 10 230 24 934 29 457 8 762 123 729 
1993 180 963 1154 905 12 173 34 727 10 661 25 253 30 293 9 643 125 952 


1994 187 1053 1 166 915 12 696 34 638 11 154 26 553 32 516 10 693 131 570 
i a ee UCSC 


Notes: 
Figures may not add due to rounding. 


Farm capital includes the value of livestock and poultry, implements and machinery, and land and buildings. 


1. The data for British Columbia include values for the Yukon and North West Territories. 
Sources: 
Statistics Canada, National Accounts and Environment Division and Agriculture Division. 
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Figure 9.1 
Value of Agricultural Land, 1971-1993 


80 billion dollars 


1971 1976 1981 1986 1991 


Sources: 
Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


production is reported for holdings with minimum gross 
sales of $250. It covers the value of all property operated by 
the holding, whether owned or rented from others, and ex- 
cludes the value of property rented to others. It also ex- 
cludes the value of offices not located on the farm, even 
though these are assets of the farm holding. Current capital 
values of land and buildings is shown in Table 9.3. Per hec- 
tare values are shown in Table 9.4. 


The total value of agricultural land has more than quadru- 
pled since 1971 (Figure 9.1). Farmland values steadily in- 
creased during the 1970s, peaking at $70.4 billion in 1982. 
They have since levelled off, reaching $61.7 billion in 1993. 
However, in heavily populated areas like southern Ontario 
and southwestern British Columbia, the value of land and 
buildings has risen by over six hundred percent. In the vicin- 
ity of some urban centres, value changes of over 
two thousand percent have been reported for some farms. 
Such increased land values make entry into farming prohib- 
itively expensive for new farmers, as increases in agricultur- 
al land value and farm purchase prices are typically 
unmatched by commensurate increases in food prices. 


The per-hectare value of agricultural land is shown in 
Table 9.5. Figure 9.2 shows the value per hectare of agri- 
cultural land versus that of land and buildings. 
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Figure 9.2 
Value of Land and Buildings and Value of 
Land per Hectare, 1971-1993 


dollars per hectare 
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Land and buildings Land 


Sources: 
Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


Pilot test area: New Brunswick 


Agriculture in Canada occupies a vast area and is very di- 
versified. In order to test a method for land valuation, it is im- 
portant to choose an area of suitable size and with a variety 
of characteristics. New Brunswick was chosen for the agri- 
cultural land valuation project because of its manageable 
size (less than 1% of the country’s total area) and its diverse 
mix of land cover and use. Its agriculture industry is suffi- 
ciently strong and diversified. 


Agricultural land valuation 


The farmland values shown in Tables 9.3 to 9.5 are based 
on the values reported for land and buildings to the Census 
of Agriculture. These values reported by farmers include a 
speculative element and do not reflect inherent resource 
quality or the costs associated with using the land resource 
(i.e. pollution and degradation). To overcome these short- 
comings, an alternative approach using the concept of eco- 
nomic rent was employed to value agricultural land. 


The use of resources to satisfy human needs has both pos- 
itive and negative impacts on the environment. These inter- 
actions are outlined in Text Box 9.1 and can be related to 
agricultural production. They are, however, difficult to 
measure in the context of agriculture because of the many 
complex externalities. In theory, the summation of the pos- 
itive and negative effects of the four types of interactions 
should yield a value of agricultural land in which environ- 
mental impacts are considered. For the purposes of this pa- 
per, the environmental hazards and risks are not 
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Table 9.3 


Value of Agricultural Land and Buildings by Province, 1971-1994 
Nfld. PEI. N.S. N.B. Que. Ont. Man. Sask. Alta. BiGH Canada 


Year 
million dollars 
SEES eee 
1 322 5 183 1374 3 868 3 530 1 293 16 912 


1971 = 102 132 107 

1976 59 218 312 232 2718 13 822 3 208 9 298 10 628 3 052 43 547 
1981 94 479 633 444 6 224 25 299 7 836 25 048 29 961 7 261 103 278 
1986 78 490 655 489 5 951 17 972 6 584 21 830 20774 5 264 80 088 
1987 87 498 678 496 6 194 17 842 6 222 19 649 19 744 4955 76 367 
1988 97 506 703 503 6 384 20 481 5 817 18 863 19 159 5 186 77 698 
1989 107 545 757 520 6776 26 064 6 266 18 882 21 092 5 704 86 713 
1990 119 646 813 562 7 366 29 127 6 864 18 807 22 169 6 412 92 883 
1991 133 656 801 599 7 781 31 022 6 814 17 589 21291 7 038 93 724 
1992 134 683 793 588 7 820 28 973 6 814 16 745 20 312 7 242 90 104 
1993 135 676 785 578 7 929 27 998 7 005 16 474 20 170 8 045 89 796 
1994 139 775 777 569 8 191 27 448 7 236 17 482 21 441 9011 93 068 
Notes: 


Figures may not add due to rounding. 

Reflects the value of all farm land, including pasture and unimproved land, plus the value of farm houses, buildings, and other structures. 
1. The data for British Columbia include values for the Yukon and North West Territories. 

Sources: 

Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


Table 9.4 
Value of Agricultural Land and Buildings per Hectare by Province, 1971-1994 


Year Nfld. PE.L. N.S. N.B. Que. Ont. Man. Sask. Alta. B.C.! Canada 
Ot, Man Sask. Ata. BC Canada 
dollars per hectare 
et ee 
247 198 301 803 178 146 175 549 247 


1971 326 

1976 1816 736 650 499 677 2 207 418 351 526 1 245 635 
1981 2 800 1 693 1 359 1 006 1 646 4 188 1013 944 1 483 2 943 1520 
1986 2145 1 796 1574 1 196 1 636 3 183 850 820 1 006 2 184 1181 
1987 2209) 1 846 1 646 1 233 1 722 3 183 803 736 954 2 058 1127 
1988 2 382 1895 1 720 1273 1796 3 679 751 707 924 2157 1147 
1989 2511 2 063 1 871 1 339 1 930 4715 811 707 1016 2377 1 280 
1990 2 646 2 469 2 026 1 470 2 123 5 305 887 702 1 067 2676 1371 
1991 2 807 2 535 2016 1594 2 268 5 691 882 655 1 023 2941 1384 
1992 2750 2 666 2016 1594 2 308 5 352 882 623 976 3 032 1329 
1993 2 696 2 666 2016 1594 2 367 5 209 907 610 969 3 375 1327 


1994 2 696 2 965 2016 1594 2 474 5 142 937 645 1 028 3 788 1374 
nn a 028 5 
Notes: 


Reflects the value of all farm land, including pasture and unimproved land, plus the value of farm houses, buildings, and other structures. 
Values are held constant in some years for some provinces when survey results indicate virtually no change. 

1. The data for British Columbia include values for the Yukon and Northwest Territories. 

Sources: f 

Statistics Canada, National Accounts and Environment Division and Agriculture Division. 


Table 9.5 
Value of Agricultural Land per Hectare by Province, 1971-1994 


Year Nfld. PEE N.S. N.B. Que. Ont. Man. Sask. Alta. B.C.! Canada 
a a USK eee AI ee OC le CONGOAS 
dollars per hectare 
Se ee ee ee ee 
1971 - 131 79 82 121 390 126 111 124 334 151 


1976 860 383 252 257 341 1191 306 CH 371 736 405 
1981 1 661 993 586 573 872 2313 764 756 1070 1 693 1028 
1986 527 1176 749 744 922 1 873 660 662 741 1 231 825 
1987 1 609 1 208 786 766 971 1 873 623 598 702 1159 783 
1988 1695 1 240 818 791 1013 2 160 588 573 680 1213 788 
1989 1 787 1352 939 833 1 087 2 768 628 573 746 1339 872 
1990 1 885 1616 964 912 1196 3114 687 568 786 1507 929 
1991 1 999 1661 959 991 1 280 3 341 684 531 754 1 656 932 
1992 1 957 1747 959 991 1 302 3311 684 504 719 1 708 959 
1993 1 920 1747 959 991 1334 3314 702 494 714 1 900 912 


1994 1 920 1942 959 991 1 490 3 020 726 524 756 2 182 993 
N 
otes: 


Values are held constant in some years for some provinces when survey results indicate virtually no change. 
1. The data for British Columbia include values for the Yukon and Northwest Territories. 

Sources: 

Statistics Canada, National Accounts and Environment Division and Agriculture Division. 
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addressed. The environmental management practices are 
reflected in the model in theory, but left out in practice due 
to data limitations. 


Economic rent is the return to a factor of production, or es- 
sentially the profit which relates to the use of the resource 
in production. By classifying the inputs to and the outputs of 
agricultural production according to the framework in Text 
Box 9.2, it is possible to estimate an economic rent associ- 
ated with land in agricultural production. 


Methodology 


In the case of agricultural production, the difference be- 
tween outputs and inputs can loosely be considered rent, as 
shown below: 


(a) Outputs - Inputs = Rent 
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1 Inputs (Market and Non- 
ociated with Agricultural — 


Outputs are defined to include all tangible products, as well 
as the environmental amenities and pollution externalities 
associated with agricultural production. Inputs are defined 
to include the market inputs which are paid for, free resourc- 
es such as air, rain, water and the soil’s mineral resources 
as well as farm management practices. Some of these out- 
puts and inputs are difficult to measure, as can be seen 
from the sample list in Text Box 9.2. The return to land, or 
economic rent associated with the land, is equal to differ- 
ence between the outputs and inputs.Theoretically, if the 
market value of land reflected the complete social and eco- 
nomic value of the land, then the present value of equation 
(a) over time would be close to the market value of the land. 


Some economic data are readily available for the inputs and 
outputs. Equation (b) below represents the subset of (a) 
which can be easily measured: 


(b) Revenues - Expenditures = Profits 


Revenues include proceeds from sales and other revenues 
such as rental income, insurance proceeds, quota sale in- 
come, and recaptured capital consumption allowances. Ex- 
penses include all expenses incurred in the production of 
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crops, livestock and other agricultural products, as well as 
general costs such as insurance and wages. 


Since the focus of this research is to isolate a return to ag- 
ricultural land, the value for profit calculated by deducting 
the expenses from revenues (as identified above) repre- 
sents only a first step. The set of expenses must be expand- 
ed to include those for improvements to the land (e.g., 
irrigation and drainage systems). The capital cost allowanc- 
es for buildings and machinery must also be included as 
they represent a return to the non-land portion of farm cap- 
ital. Interest payments for loans to purchase or improve the 
farm must also be deducted from revenue so that what re- 
mains as profit is an estimate of the return to the land or 
economic rent associated with the land. 


For the same reason, certain variables should be excluded 
from the rent equation, namely, subsidy program payments 
received by the farmer and income and expenses not relat- 
ed to agricultural production. All revenue and expense var- 
iables taken into account in the rent equation are listed in 
Text Box 9.3. 


Data requirements 


The theoretical model proposed in this paper underscores 
the importance of both physical and monetary data. Mone- 
tary data come from the Taxation Data Program (TDP) of 
the Whole Farm Data Base (WFDB) (Agriculture Division, 
Statistics Canada). The TDP consists of a sample of ap- 
proximately 70 thousand income tax records. The sampling 
frame covers all provinces and includes all individuals who 
claim either a positive gross farm income or a non-zero net 
farm income. Research stations, institutional farms, Hutter- 
ite colonies and Indian Reserves are excluded. 


The TDP contains detailed information on operating reve- 
nues and expenses, additions and disposals of depreciable 
assets, and off-farm income of farm operators and their 
families (Statistics Canada, 1994c). The information comes 
from two sources - a random sample of unincorporated in- 
come tax filers (taken from the Self-Employment File for Ag- 
riculture) and a random sample of incorporated farm 
holdings with annual sales over $25 000. 


In the WFDB, New Brunswick farms are divided into seven 
types typically found in the province - dairy, cattle, hogs, 
poultry, potato, fruit and vegetable, and other - and seven 
revenue classes. The information is further split between 
the four Census of Agriculture Regions (CARs) of New 
Brunswick. Confidentiality constraints precluded the calcu- 
lation of estimates by region. 


The model was implemented for 1991, the last available 
census year. 


80 Statistics Canada - Catalogue No. 11-528-XPE, No. 3 


Environmental Perspectives 


Results 


The results of the two methods of valuing New Brunswick’s 
agricultural land for 1991 are dramatically different: 


i) The value of agricultural land estimated on the basis of 
farm real estate values reported to the Census of Agricul- 
ture is $371.6 million. 


ii) The present value of rent on land estimated with the mod- 
el (discounted at a 5% interest rate over a 25 year period) 
is $5.5 million. 


The first estimate, which is presently incorporated in the na- 
tional balance sheet, is over sixty times larger than the al- 
ternative one based on rent. The large discrepancy 
between the two can be attributed to several factors. 


First, farm income was abnormally low in New Brunswick in 
1991, and this depressed the model results. The difference 
would likely have been smaller if another year’s farm in- 
come or an average of many years had been used instead. 
However, this will account for only part of the difference. 


Second, the real estate values reported to the Census re- 
flect the proximity to urban areas. The value of farms close 
to urban areas is driven up by the need of cities for addition- 
al land. Also, farm ownership is a long-term investment. The 
farmer expects to sell or liquidate his farm at a value that 
has appreciated over time. This will influence the property 
value he reports to the Census. The model purposely ex- 
cludes these factors. 


Third, as shown in Text Box 9.2, there are several inputs 
and outputs associated with agricultural production which 
cannot be measured, either because they are not traded in 
the market place or data are simply unavailable. The inputs 
(that is, farm expenses) and outputs (that is, farm revenues) 
used in the model — represented by the shaded portions of 
the boxes in Text Box 9.4 — are only a subset of the actual 
inputs and outputs of agricultural production. The profit 
used as a proxy for rent to land is derived from this subset 
and is also a subset of the actual rent. If the model were 
based on a more complete set of inputs and outputs, the 
rent would be more comprehensive. 


There are more outputs than inputs which are difficult to 
measure with market scenarios, for example, the socio-eco- 
nomic benefits associated with agriculture. Inputs are typi- 
cally more measurable, although items such as agricultural 
management practices may be hard to quantify in an eco- 
nomic framework. Data are available, however, at both the 
provincial and regional levels on farm participation in certain 
agricultural practices. Although difficult to integrate in the 
model, participation in these practices is known to change 
the value of agricultural land. 


Conclusion 


The purpose of this paper was primarily to develop a model 
for land valuation. The benefits were twofold: (1) a prelimi- 
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Farm Outputs 


18 Revenues & 


Agricultural 
production 
process 


other inputs other outputs 


nary estimate of the rent, or value, associated with land em- 
ployed in agricultural production, and (2) an indication of 
data needed to ensure that the model yielded a represent- 
ative value for agricultural land. 


The model determined land rents by relating revenues and 
expenses to the inputs and outputs associated with agricul- 
tural production. Although the results were much lower than 
those based on the Census of Agriculture, they are concep- 
tually more compatible with the definition of economic rent. 


There are a number of factors which affect the value of land 
employed in agricultural production, some of which are ei- 
ther immeasurable or not currently measured. However, es- 
timates could be developed to reflect the value of the land 
as a resource employed in production. An example would 
be the information on soil conservation practices found in 
the Environment Information System. In the future, the EIS 
may be used to develop meaningful data which could be 
added to the model. Data for additional years and more 
complete estimates of social and environmental costs and 
benefits would also enhance the reliability of the model. 


The agricultural land valuation initiative should now focus 
on developing statistics to fill the information gaps. The 
model should also be applied to other provinces. 
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10 Canada's Commercial 
Fishery: A Statistical 
Profile 


by Dale Austin’ 


Introduction 


Canada's natural resources include forests, sub-soil depos- 
its, abundant and varied land and water types, fish and oth- 
er wildlife. Produced assets, such as roads or machinery, 
are taken into consideration for the calculation of national 
wealth but, with the exception of some of Canada’s land, 
natural resources are currently left off the balance sheet. 


In recent years, there has been an increased awareness of 
the social and economic costs associated with utilizing nat- 
ural resources. The failure of economic indicators such as 
Gross Domestic Product (GDP) to take account of environ- 


"mental quality issues has been criticised. Part of the solu- 


tion to these issues is to measure the effects of human and 
economic activity on the environment by explicitly including 
the value of natural resources and their depletion as part of 
the national balance sheet. 


A physical stock account for the fishery would include pop- 
ulation counts for all economically important species in a 
given geographic location for any year. Monetary accounts 
would show the value of the stocks and harvest. The stock 
value would be included in Canada’s balance sheet as part 
of the nation’s wealth. The stock that is relevant to national 
wealth is what is considered an economic asset, the part 
which can be “owned” by Canada and which is economical- 
ly exploitable. 


Physical stock data 


Ideally, a physical account for the fishery would provide 
population estimates for all species. However, population 
estimates are sporadic at best. There is a lack of compre- 
hensive, systematic quantitative data relating to productivi- 
ty, biotic composition, disease outbreaks and contaminants 
for all species. There is a scarcity of long-term indicators as 
data gathering has been restricted to specific regions and/ 
or short-term studies. Canadian scientists do not have the 
technology or resources to regularly study the many spe- 


1. The author would like to thank Gerry Gravel, Rob Smith, Alice Born and 
Rick Moll for their patience and guidance in the preparation of this paper. 
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cies of aquatic life that inhabit Canada’s vast oceanic and 
fresh water territory. When counts do exist they are often 
separated by many years and occur in different years for dif- 
ferent species. 


In general, there are abundant and high quality data for fish 
harvests but a lack of data reporting the status of Canada's 
fish stocks. More frequent and reliable stock data, ideally for 
all species but most significantly for commercial species, 
would allow the development of time-series data and the 
ability to identify trends in stock status. A more complete set 
of fisheries statistics would allow a more comprehensive ex- 
amination of the status of the fishery. 


Table 10.1 illustrates the fluctuations in harvest volume of 
the Canadian fishery for the period 1961-1994. The steady 
decline in the catch between 1971-1974 can be explained 
to some extent by implementation of total allowable catch 
(TAC) restrictions in an effort to reduce the harvest and pre- 
serve fish stocks. Some of the increase that begins in 1977 
can be attributed to the extension of Canada’s Exclusive 
Economic Zone to the present 200-mile limit. The sharp de- 
cline in harvests in the last four years represents the decline 
of the groundfish stocks off Canada’s east coast. 


Economic trends in the fishery 
industries 


Resource rent 


The concept of rent is the basis of valuation of a natural re- 
source. Rent is the value of the resource itself, the residual 
left when all the costs of bringing the resource to a market 
are subtracted from the selling price. The annual rent 
earned by the fishery can be used to estimate the value of 
the resource stock. The stock could be valued as an asset 
which will provide an indefinite flow of rent in the future. The 
value would be the present value of the future rent. This 
method in effect assumes that the annual harvest rate on 
which the rent calculation is based can be sustained, al- 
though recent history in the Canadian fishery has shown 
that harvest levels have not been sustainable. Using such a 
method would overestimate the value of the asset. 


Due to the lack of detailed data, calculating a value based 
on the characteristics of the fish stocks is impractical. In- 
stead, a rent residual has been calculated using annual his- 
torical data for the fishing and trapping industry. GDP 
includes all costs (labour cost and capital cost allowance) 
as well as a return to entrepreneurship and to the resource. 
Depreciation and profit are not calculated separately, but 
are part of industry's operating surplus. A residual rent cal- 
culation, subtracting estimated data for depreciation and a 
return to capital from the industry surplus time series at the 
national total level, gave results that were judged unaccept- 
able. A rent residual was also calculated for the year 1990 
by province. This calculation showed that a low national ag- 
gregate was made up of negative and positive provincial 
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Table 10.1 
Ocean Fishery Harvest by Province, 1961-1994 

Newfoundland Prince Edward Island Nova Scotia New Brunswick Quebec British Columbia Canada 
Year Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 
1961 253 469 14 922 17 947 4 489 253 185 27741 70 035 7 625 53694 4228 297 000 39 700 945 330 98 705 
1962 276719 17 454 18 584 4 649 262 073 32 063 95 767 9 038 65495 5170 319 800 49 100 1 038 440 117 474 
1963 295218 20 423 18 789 4 625 267 379 36 228 111020 9 287 64915 5623 357 700 40 500 1115 020 116 686 
1964 289348 22 873 20 598 5 751 309 667 42 436 119 248 10 263 64754 6132 332 300 48 400 1 135 920 135 855 
1965 303796 24 101 23 514 7 083 354 207 49 371 136 182 10 546 70860 6458 294 100 47 500 1 182 660 145 059 
1966 332680 26 575 28 434 6 504 404 446 49 456 159 471 11 067 70259 6939 271 500 60 700 1 266 790 161 241 
1967 383613 28 922 22 163 8 187 380 677 48 211 163 243 10 838 90 971 7417 159 800 49 600 1 200 470 153 175 
1968 465 626 28 843 24 428 8 571 429 024 54 601 250 356 15 564 98105 8148 131 100 57 400 1 398 640 173 127 
1969 484743 30 786 25 274 8 832 364 757 56 529 235 643 15 874 97132 8712 88 400 47 400 1 295 950 168 133 
1970 471846 36 123 48 909 11174 320 790 55957) 206 768 17 639 125646 10914 117 000 60 300 1 290 960 191 707 
1971 418 866 36 811 46 923 10 361 347 559 59 433 165 868 16 089 115528 10559 113 400 58 600 1 208 140 191 853 
1972 315/512 36 512 28 214 10 136 338 305 67 949 161214 19 810 87989 10716 162 300 75 100 1 093 530 220 223 
1973 324686 47 877 30 312 12 414 328 019 75 972 130 532 22 041 74929 12755 183 800 130400 1 072 280 301 459 
1974 249605 42 874 Warvals) 12 031 344 475 81 166 112 431 21 852 56777 13650 141100 101000 922 103 272 573 
1975 255576 45 785 16 313 12 416 356 457 92 648 120 496 25 327 56503 14643 133 000 79 700 938 345 270 519 
1976 339211 64716 17 134 12719 367 883 106 686 114 709 24 838 41955 15131 180900 141800 1 061 790 365 890 
1977 392786 85 479 19 801 15 164 407074 133145 129 117 34 069 54296 20377 204350 167905 1 207 420 456 139 
1978 463959 118 364 25 660 23 376 444869 195 388 151 393 49 616 67350 29255 198703 252192 1 351 930 668 191 
1979 569107 159258 31 059 29 377 421154 225527 eel 53 620 79165 40017 155276 332 468 1 392 980 840 267 
1980 499199 161 286 33 463 26 772 436 822 510075 105 356 48 575 81248 41870 129926 182281 1 286 010 970 859 
1981 498721 170765 38 515 31 786 467473 264124 102 257 54 586 87591 46790 183137 236181 1 377 690 804 232 
1982 504458 176287 36 788 35 841 460792 259593 109 001 67 067 86593 50387 157 843. 240010 1 355 480 829 185 
1983 455839 167419 40 424 42 926 425 854 276512 107 919 79 375 78 403 55952 191543 209787 1 299 980 831 971 
1984 450583 54 300 402 778 99 130 83 877 166 906 1 257 570 
1985 468693 54 582 466 341 136 024 90 189 214 934 1 430 760 
1986 515998 60 264 462 787 143 204 89 973 225 889 1 498 120 
1987 499727 Ss 56 723 f 493 442 fe 151595 s 97 277 * 251 531 ¥ 1 550 300 = 
1988 554414 292096 57 909 68 997 514474 436904 151668 118411 88231 99193 271304 533559 1638000 1549160 
1989 506724 245310 34 432 62 918 463603 437805 150 844 97 457 79098 82491 284036 453664 1518740 1379650 
1990 537369 279516 43 009 45 567 449725 444868 153 108 91 929 74330 74140 301293 478192 1558830 1414210 
1991 426 829 261378 49 037 69 118 503009 495 474 116 780 96 324 73870 85 487 310282 405740 1479810 1413520 
1992 280539 199121 47 330 79 715 491460 511572 126059 104850 70425 88 881 292991 416 126 1308800 1400270 
1993 226688 32 985 400 930 115 482 58 307 275081 422 463 1 109 470 


Notes: 


All quantities are expressed in tonnes. 
All values are expressed in thousand dollars. 
Sources: 


1994 133511 2 32 372 & 307 999 05 124 754 é 48 006 ta 137 626 5b 784 268 o 
nS a OO ee 04 268 eee 


Department of Fisheries and Oceans Canada, Biological Sciences and Industry Development and Programs directorates. 


components. This indicates that while the rent value may be 
low in aggregate at the national level, there could be regions 
where the fishery rents are relatively important. The provin- 
cial calculation was based on the same data as the national 
calculation and so, it too was considered unacceptable. 


A low or zero rent value for fish resources would not be un- 
expected. In the absence of (worldwide) regulation, com- 
mon property resources can be exploited to the point where 
the market price of the resource falls below the full cost of 
exploitation. A time series of the value of Norway’s fish 
Stocks was recently estimated as consistently near zero 
(Statistics Norway, 1995). A study by the Economic Council 
Of Canada concluded: 


If the administration costs associated with the Ca- 
nadian fishery are subtracted it would be difficult to 
conclude that the net Canadian wealth generated 
annually by the regulated fishery is even positive. 
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There is no compelling evidence that the Canadian 
fisheries, taken together, yield a net surplus. In 
short, the potential wealth of the Canadian fishery 
has been dissipated (Scott and Neher, 1981; 
p. 26). 


Value added 


The fishing industry contributes directly and indirectly to the 
Canadian economy in a variety of ways. Harvesting, trans- 
portation, processing and other margins related to both fish 
and fish products all contribute to employment and GDP. 
Statistics Canada defines two industries related directly to 
fishing in its Standard Industrial Classification: the fishing 
and trapping industry and fish products industry. The fishing 
and trapping industry’s value added (contribution to GDP) 
was approximately $1 billion in 1993, while that of the fish 
products industry was just under 800 million (Table 10.2). 
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Together these industries represented about 0.35% of total 
GDP in 1993. This percentage was lower than it had been 
at some points in the past however. Figure 10.1 shows a de- 
cline of these industries as a percentage of GDP between 
1961 and 1993 from around 0.75% in the early 1960s to the 
0.35% just mentioned. The lowest point in the time series 
came in 1975, when these industries’ share of GDP was just 
0.27% Since that time, their share has fluctuated between 
0.31% and 0.35%. 


Employment 


In 1993, total Canadian employment was close to 13 million 
persons. In the same year, there were approximately 62 
thousand people employed in the fishing industries, repre- 
senting about 0.48% of the work force. This was essentially 


Table 10.2 
Fishery Industries - Employment and Value 
Added, 1961-1993 


Employment Value added 
Fishing and Fishing and 
trapping Fish products trapping Fish products 
Year industr indust Total industr industr Total 
workers million 1986 dollars 
1961 16 223 if i 772 502 1274 
1962 19 426 x 799 582 1381 
1963 22 396 is in 780 515 1296 
1964 23 047 ee a 788 643 1 431 
1965 20 039 741 724 1466 
1966 23 118 Fe ms 821 618 1439 
1967 22 125 ee Fe 752 537 1289 
1968 22 135 = as 926 565 1491 
1969 18 891 o i 750 654 1404 
1970 18 174 19254 37 428 781 526 1307 
1971 20 149 18510 38659 725 579 1304 
1972 20 157 20100 40257 666 598 1264 
1973 22 848 21424 44272 678 678 1357 
1974 21 564 18774 40338 575 418 993 
1975 21 136 16987 38123 536 420 956 
1976 19 622 19568 39190 610 488 1098 
1977 19 834 21937 41771 722 538 1260 
1978 23 257 25231 48 488 785 782 1567 
1979 29 175 27995 57170 706 752 1458 
1980 33 588 27084 60672 728 690 1417 
1981 35 076 27 486 62562 834 662 1496 
1982 33 115 25 382 58 497 900 762 1662 
1983 36 240 24577 60817 852 727 1580 
1984 32 848 24372 57 220 777 753 1530 
1985 33 161 26964 60125 945 854 1800 
1986 36 637 28934 65571 980 846 1 826 
1987 37 044 31171 68215 886 852 1738 
1988 41 562 31086 72648 946 889 1836 
1989 39 751 30 498 70249 1023 780 1803 
1990 41219 27617 68836 1129 898 2027 
1991 43 721 25 643 69 364 1 023 849 1873 
1992 38 271 24409 62680 992 747 1739 
1993 40 157 21839 61996 1 020 779.1799 
Note: 
Figures may not add due to rounding. 
Source: 


Statistics Canada, National Accounts and Environment Division. 
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Figure 10.1 
Fishery Industries’ Share of GDP, 1961-1993 
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Source: 
Statistics Canada, National Accounts and Environment Division. 


the situation that existed in 1970 as well, when 37.5 thou- 
sand people, or about 0.47% of the total work force, earned 
their living from these industries (Table 10.2). Figure 10.2 
shows employment in these industries as a percentage of 
the employed work force for the period 1970-1993. As was 
noted above with respect to value added, the percentage of 
the total employment represented by the fisheries industries 
declined to its lowest value (0.41%) in 1975. 


Imports and exports 

Canada is a net exporter of fish products. During the period 
1971-1993, the value of fish product exports was consist- 
ently 3-5 times higher than the value of imports. Put in the 


context of the nation’s total external trade, fish products rep- 
resented a substantial 1.6% of merchandise exports in 


Figure 10.2 
Fishery Industries’ Share of Total 
Employment, 1970-1993 
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1971. This figure had dropped only slightly to 1.5% by 1993. 
Over the period 1971-1993, fish product exports as a per- 
centage of total merchandise exports peaked at 2.3% in 
1987; their smallest export share, 1.3%, occurred in 1974 
and 1975 (Table 10.3). 


Aquaculture! 


In an effort to mitigate the effects of resource depletion in 
the traditional fishery, some fishers have been turning to 
aquaculture as a viable alternative source of income. As 


Table 10.3 
Imports and Exports of Fish Products, 1971- 


1993 


Exports Imports 

Percentage of total Percentage of total 

Year Total merchandise exports Total merchandise imports 
million dollars percent million dollars percent 

1971 276 1.6 60 0.4 
1972 340 ey. 81 0.4 
1973 484 1.9 110 0.5 
1974 418 les 119 0.4 
1975 451 1.3 134 0.4 
1976 590 HES 182 0.5 
1977 795 1.8 220 0.5 
1978 a 2.1 248 0.5 
1979 W271 1.9 310 0.5 
1980 1 265 1.6 354 0.5 
1981 1 494 1.8 360 0.5 
1982 1591 1.9 352 0.5 
1983 1 564 ils7/ 417 0.6 
1984 1595 1.4 488 0.5 
1985 1 849 1.6 494 0.5 
1986 2 554 eal 613 0.6 
1987 2 906 2.3 691 0.6 
1988 2 841 #2)| 679 0.5 
1989 2 564 1.8 738 0.5 
1990 2 624 1.8 679 0.5 
1991 2 455 1.8 736 0.5 
1992 2 504 1.6 777 0.5 


1993 2 650 Ud 996 0.6 
—— OO 
Source: 

Statistics Canada, International Trade Division. 


fisheries world-wide reach their catch limits there will be in- 
creased pressure to find new sources of fish. The unpredict- 
able rise and fall of fish stocks from season to season, as 
well as the long-term decline in some species, has led to 
aquaculture as an attempt at ensuring an alternative, sus- 
tainable supply of fish. 


Aquaculture is the managed rearing of aquatic organisms 
including fish, molluscs, crustaceans and plants. The proc- 
ess requires regular intervention in the rearing process to 


1. Unless otherwise noted, this section is drawn from Statistics Canada 
(1994; p. 268-269). 
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enhance production. Interventions include regular stocking, 
feeding and protection from predators (Department of Fish- 
eries and Oceans, 1995). 


Commercial aquaculture takes place in all 10 provinces and 
the Yukon territory. In 1994, over four thousand aquaculture 
sites were in operation across the country. The principal 
species produced by the industry are salmon, trout, mus- 
sels and oysters. Atlantic salmon, mussels, quahogs and 
steelhead trout (salmo gairdneri) are farmed primarily in the 
Atlantic provinces. Trout production is concentrated in the 
central provinces (mainly Ontario), salmon and oyster pro- 
duction primarily in British Columbia and New Brunswick, 
and mussel production off Prince Edward Island. 


Over the past decade, the relative importance of aquacul- 
ture has been steadily increasing in the fishing industry. The 
aquaculture industry grew from a $13 million business in 
1983 to nearly $300 million in 1994 (Table 10.4). In 1992, 
the industry represented roughly 3.5% of the total harvest of 
the traditional fishery and almost 18% of the total landed 
value. Despite these gains, aquaculture remains relatively 
small when compared with the traditional fishery. The total 
harvest of the traditional fishery at its peak in 1990 was 
more than 40 times the size of the aquaculture harvest in 
that year. However, we now know that harvest levels in 
some of the traditional fisheries were unsustainable; aqua- 
culture’s importance seems likely to grow as a result. 


Factors often cited as retarding the growth of aquaculture in 
Canada are our cold-water environment and the abundant 
wild fishery resources available, notwithstanding the appar- 
ent shortages of Atlantic groundfish and Pacific salmon. In- 
adequate treatment of municipal and industrial wastes can 
also pose a threat to a viable aquaculture industry in certain 
regions (Department of Fisheries and Oceans, 1995). 


Conclusion 


The attempt at valuing Canada’s fish stocks made for this 
study indicates a very small contribution to wealth at the na- 


Table 10.4 
Aquaculture Production, 1983-1994 
Year Quantity Value 
kilotonnes thousand dollars 
1983 57 i2.5o) 
1984 6.9 18 247 
1985 8.4 23 724 
1986 10.5 35 106 
1987 13.9 61 669 
1988 21.5 105 355 
1989 30.3 139 137 
1990 36.5 195 955 
1991 44.6 257 087 
1992 46.9 259 957 
1993 50.4 289 274 
1994 53.6 296 878 
Source: 
Davies, 1996. 
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tional level. It appears though that these stocks do contrib- 
ute significantly to regional economic wealth on the east 
and west coasts. Without improved data on which to base 
the estimates, nothing more than these qualitative state- 
ments is possible. 


The other economic indicators presented in this chapter 
point to a small but stable contribution by the fisheries to 
economic life in Canada. The landed value of the ocean 
fishery harvests has grown considerably over the last three 
decades, although recent years have seen declines in both 
Newfoundland and British Columbia. The share of GDP 
represented by the fishing industries was considerably 
smaller in the early 1990s than it had been 30 years previ- 
ous, though most of this decline took place before 1975. Be- 
tween 1975 and 1993, the share of GDP represented by 
these industries was quite stable. The latter is also mainly 
true of their share of employment and of the export share 
held by fish products. The aquaculture industry stands in 
stark contrast to this constancy, having shown remarkable 
growth since the early 1980s. 
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Table A1.1 


Selected Population, Economic, Waste and Natural Resource Statistics, 1993 


Characteristic 


Source 


——————_—_—_- grrr... nk Se 
a a eee ALCS 


Total area (thousand km?) 


g 


Land area (thousand km?) bg 9215 1953 9 167 


Population (thousands) 
Population growth rate 1988-1993 (annual percent) 
Population density (persons per km?) 
Urbanization (percent)! 
Life expectancy (years) 
Males 
Females 
Infant mortality (per 1000 live births) 
Literacy rate? (percent) 
Male 
Female 
Expenditures on education? (percent of GDP) 
Economy 
GDP (million C$)° 
GDP, PPP method (million C$)® 
Average annual GDP growth 1981-93 (percent) 
GDP per capita, PPP method (thousand C$)® 
GDP distribution by sector (percent)? 
Agriculture and mining® 
Manufacturing and utilities? 
Services, etc.'° 
Exports!! (million C$) 
Exports as a proportion of GDP (percent) 
Motor vehicles (per 1000 persons) 
Road network (kilometres) 
Wastes 
Municipal waste generated! (thousand tonnes) 
Municipal waste generated (kilograms per capita) 
Household waste generated! (kilograms per capita) 
Hazardous wastes (kilograms per million C$ GDP) (PPP) 
SO, emissions (kilograms per million C$ GDP) (PPP) 
NO, emissions (kilograms per million C$ GDP) (PPP) 
COz emissions" (tonnes of carbon per capita) 
Greenhouse gas emissions (global per capita rank!) 
Global share (percent) 
Emissions of greenhouse gases!® (thousand tonnes) 
Consumption of CFC's and halons'” (tonnes) 
Per capita (kilograms) 
Particulate emissions'® (thousand tonnes) 
Volatile organic compound emissions'® (thousand tonnes) 
Resources 
Water 
Renewable supply (km°) 
Per capita (thousand m?) 
Total use'® (km?) 
Per capita (m?) 
Irrigation, share of cropland area?° (percent) 
Water withdrawal (percent of available resources) 
Minerals 
Metal reserve index?! (world = 100) 
Forest products 
Roundwood production (million m3) 
Fish 
Fish catches - inland and marine (thousand tonnes) 
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(oi <9) g=2  =iy Te) 


b,I 


Canada Mexico United States 
9971 1 958 9 373 
28 947 91 210 257 908 
le 22 1.0 

3.1 46.7 28.1 

78.1 75.3 76.2 
78.0 70.3 75.9 
74.9 69.7 72.8 
81.0 77.1 79.7 
6.3 35.4 8.6 
99.0 87.1 99.0 
99.0 90.0 99.0 
99.0 85.0 99.0 

6.1 6.2 6.3 

705 952 466 877 8 075 271 
704 340 802 998 7 887 474 
ee 1.3 2.5 

24 332 8 804 30 583 
5.3 8.2 3.5 
20.0 2 ila 20.7 
74.6 70.7 74.2 
187 282 39 011 599 553 
26.5 8.4 7.4 
594 130 752 
930 000 245 000 6 287 000 
18 800 28 090 187 790 
660 310 730 
360 250 3 

11 054 9 589 34 992 
4 302 1 370 2475 

2 753 575 2672 
15:24 3.92 19.53 
Ue 67 8 

edi 2.0 18.4 

459 390 336 724 5 128 734 
15 302 14793 145 593 
0.58 0.17 0.88 

1 855 354 7 080 
2014 231 20 287 

2 792.0 414.0 2 478.0 
96.5 4.5 9.6 
45.1 77.6 468.6 

1 557.9 851.0 1 817.0 
2 21 10 

2 15 19 

6.1 1.9 8.7 

180 23 496 
WoW 1201 5 939 
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Table A1.1 
Selected Population, Economic, Waste and Natural Resource Statistics, 1993 (continued) 


Characteristic Source Canada Mexico United States 


Energy 
Energy production? (PJ) k 11 851 8 053 67 936 
Solid k 1 620 220 22 084 
Liquid k 3819 6 574 18 055 
Gas k 4374 948 19 509 
Electricity 
Geothermal and wind k 0 190 568 
Hydro k 1111 87 1038 
Nuclear k 926 33 6 683 
Energy production per capita (GJ) k 409.4 88.3 263.4 
Energy consumption? (PJ) k 8779 4834 80 839 
Energy consumption per capita (GJ) k 303.3 53.0 313.4 
Energy consumption per C$ GDP (MJ) (PPP) d,k 12.5 6.0 10.2 
Energy production/consumption (ratio) k Wes} 1.7 0.8 
Land? 
Protected areas (percent of total) k 5.0 5.1 10.5 
Protected areas (thousand km?) k 494.5 99.0 984.6 
Expenditure on environmental protection as a percent of GDP@4 h 0.9 i 0.6 
Marine and coastal protected areas?>(thousand hectares) k 7 106 1119 54317 
Major protected areas@° 
Number of sites?” c 640 65 1 466 
Total size (km?) c 892 749 97 287 1 041 069 
Percentage of national territory c 8.9 5.0 10.6 
Protected area (hectares per thousand inhabitants) c 3 105 107 404 
International protection systems® 
National parks 
Number c 251 33 176 
Area (km?) c 366 169 15 978 219 952 
Percentage of national territory c 3.7 0.8 2.2 
Protected area (hectares per thousand inhabitants) c 1273.5 17.5 85.3 
Biosphere reserves 
Number c 6 6 47 
Area (km?) c 10 500 12 885 270 291 
Heritage sites 
Number k 6 1 10 
Area (km?) k 14710 528 4357 
Wetlands of international importance 
Number k 30 1] 11 
Area (km?) k 13 016 47 1192 
Land use 
Cropland (thousand km?) c 414.29 247.30 1 877.76 
Permanent pasture (thousand km?) c 263.25 744.99 2 391.72 
Forest and woodland (thousand km?) Cc 4 161.75 487.00 2 981.36 
Other (thousand km?) c 4 381.68 429.40 2 322.27 
Wilderness?? (thousand km?) \ 6 406 31 441 
Land use (percent of total land area) 
Cropland b,c 4.5 12.7 20.5 
Permanent pasture b,c 2.9 38.1 26.1 
Forest and woodland b,c 45.2 24.9 32.5 
Other b,c 47.5 22.0 25.3 


—_Other I 
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Table A1.1 
Selected Population, Economic, Waste and Natural Resource Statistics, 1993 (concluded) 
Characteristic Source Canada Mexico United States 
Wilderness? (percent of total land area) b,g,! 69.5 1.6 4.8 
Percent change, 1979/81-1989/91 
Cropland k 0.5 0.7 -1.5 
Permanent pasture k 0.9 0.0 0.7 
Forest and woodland k 5.4 -11.4 -2.5 
Other k -3.7 12.1 4.4 
Average annual fertilizer use, 1989-1991 (kilograms per hectare of cropland) k 46 69 99 
Wildlife 
Threatened species?! 
Mammals c 15 143 49 
Birds c 23 339 79 
Vascular plants Cc 83 902 118 
Fish Cc 47 140 64 
Reptiles c 30 476 26 
Amphibians c 10 199 8 
Invertebrates @ = 51 
h 4 UZ 87 


Extinct? 
———— a | ee fe | 


Notes: 
The reader should note that data collection methods vary considerably from country to country. Caution should be used when interpreting the information. Although many countries adhere to 


United Nations guidelines for economic, demographic and social data collection, most have adapted these definitions and methods to better suit the local conditions. In addition, the collection 
of environmental data has often not reached the level of standardization that is found in these other fields. Attention should be given to the footnotes accompanying the table. 

1. 1995 estimate. 

. 1990-1995 estimate. 

. 1990 estimate. Adult literacy is only regularly monitored in developing countries. For industrial countries where the adult literacy rate is near 100%, values of 99% are substituted. 

1990: Canada and United States; 1995: Mexico. 

. GDP calculated using United Nations definitions. 

PPP - Purchasing Power Parity, using United Nations definitions. 

. 1991 figures: Canada and the United States; 1993: Mexico. GDP does not include imputed bank service charge, import duties, value added tax and other adjustments. 

. Includes agriculture, hunting, forestry, fishing, mining and quarrying. 

. Utilities include electricity, gas and water. 

10. Includes wholesale and retail trade, restaurants, hotels, transport, storage, communication, finance, insurance, real estate, business services, community, social and personal services, pro- 
ducers of government services and other services. 


11. Million C$ f.0.b. (free on board). 

12. Municipal waste is waste collected by, or on the order of, municipalities. It includes waste originating from households, commercial activities, office buildings, institutions such as schools and 
government buildings, and small businesses that dispose of waste at the same facilities used for municipally collected waste. Household waste is waste generated by the domestic activity of 
households. 

13. Includes garbage, bulky waste and separately collected waste. 

14. 1991 data. Total metric tons from solid, liquid and gaseous fuels, from gas flaring and from cement manufacture. 

15. 1989 data. Where number one is the highest per capita producer of greenhouse gases. 

16. 1993 data or latest available year from 1990 on. 

17. 1990 data. 

18. Man made emissions. Data refer to 1993 or to the most recent year from 1990. 

19. 1993 data: Canada and Mexico; 1990: United States. 

20. 1989-1991 data. 

21. 1990 figures: Canada and United States; 1994: Mexico. 

22. 1991 data. 

23. IUCN categories I-V. 

24. 1989 data: Canada; 1990: United States. 

25. 1989 data. 

26. IUCN management categories I-V. National classifications may differ. Includes only areas greater than 10 km? except for islands. 

27. Number of sites for which size is known. 

28. IUCN category II: national parks and equivalent reserves. 

29. Mid-1980s data. 

30. Wilderness is not mutually exclusive from the other land use categories and therefore the land area should not be compared with the other categories. 

31. Early 1990s data. "Threatened" refers to the sum of the number of species in the “endangered” and "vulnerable" categories. 

32. 1990 data. U.S.: excludes the Hawaiian Islands. 

Sources: 

a. Central Intelligence Agency, The World Factbook 1995, Washington D.C., 1995. 

b. Instituto Nacional De Estadistica, Geografia E Informatica (INEGI), Direccion General De Contabilidad Nacional, Estudios Socioeconomicos Y Precios, 1996 (personal communication). 
c. Organisation for Economic Co-operation and Development, OECD Environmental Data: Compendium 1995, Paris, 1995. 

d. Organisation for Economic Co-operation and Development, National Accounts Main Aggregates, Vol. 1, 1960-1994, Paris, 1996. 

e. Organisation for Economic Co-operation and Development, National Accounts Detailed Tables Vol. 2, 1981-1993, Paris, 1995. 

f. Statistics Canada, National Accounts and Environment Division. 

g. United Nations, Monthly Bulletin of Statistics, UN Statistical Division, New York, 1992; and Statistics Canada. 

h. United Nations, Statistical Yearbook, 39th Edition, Department of Economic and Social Information and Policy Analysis, Statistical Division, New York, 1994; and Statistics Canada. 
i. World Bank, Social Indicators of Development 1995, The John Hopkins University Press, Baltimore,1995. 

j. World Bank, World Tables, 1995, The John Hopkins University Press, Baltimore,1995. 

k. World Resources Institute, World Resources 1994-95; A Guide to the Global Environment, The Oxtord University Press, Oxford, 1994. 

|. World Resources Institute, The 1994 Information Please Environmental Almanac, The Houghton Mifflin Company, New York, 1994. 

m. Statistics Canada, Annual Demographic Statistics, Cat. No. 91-213, Ottawa, 1994. 

n. Statistics Canada, Births and Deaths, 1993, Cat. No. 84-210-XPB, Ottawa, 1996. 
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Table A1.2 
Selected Water Quality Statistics, 1979-1993 
Period 
CANADA 
Dissolved oxygen (milligrams Op per litre) Lake Ontario (mid-lake) 12.5 12.6 12.3 12.8 e 
Roseau River 7.9 8.0 8.3 re 6.9 
Saskatchewan River 10.8 10.6 10.4 10.3 9.9 
Slave River 3 S ES lace, 
Dissolved fluoride (milligrams F per litre) Fraser River 0. -- 0. 0.1 
Mackenzie River 0.1 0.1 0.1 0.1 
Roseau River 0.1 0.1 0.1 0.2 
Saskatchewan River 0.1 0.1 0.41 0.2 
Slave River 0.1 0.1 0.1 0.1 ss 
Fecal coliform (number per 100 millilitres) Roseau River 13.0 39.0 19.0 24.0 20.0 
Saskatchewan River 4.0 11.0 Es 4.0 4.0 
Total mercury (micrograms Hg per litre) Fraser River x a 0.02 0.032 
Mackenzie River 0.037 3 
Roseau River 0.041 0.036 
Saskatchewan River 0.046 
Slave River 0.029 xD = zs 
Nitrate + Nitrite (milligrams N per litre) Fraser River 0.10 0.09 0.1 0.1 0.16 
Lake Ontario (mid-lake) 0.29 0.32 0.37 0.32 = 
Mackenzie River 0.08 0.08 = 0.07 0.07 
Roseau River 0.12 0.13 0.24 0.11 0.17 
Saskatchewan River 0.13 0.13 fc 0.12 0.15 
Skeena River = s 0.09 “* Fe 
Slave River 0.04 0.08 0.05 0.05 0.07 
Dissolved phosphorous (milligrams P per litre) Mackenzie River 0.008 0.008 0.006 = a 
Roseau River 0.035 0.043 ss 
Saskatchewan River 0.010 0.017 0.011 
Slave River 0.016 0.021 By 3 
Dissolved orthophosphate (milligrams P per litre) Saskatchewan River $ 0.015 * re 
Se 
Particulate phosphorous (milligrams P per litre) Mackenzie River es 0.079 oe ee + 
Roseau River Ss 0.027 ee 
Saskatchewan River x 0.046 0.060 
Slave River 0.274 - 
Total phosphorous (milligrams P per litre) Fraser River 0.014 0.094 0.068 0.046 
Lake Ontario (mid-lake) 0.013 0.014 0.011 0.010 
Mackenzie River 0.088 0.086 - ws 
Roseau River 0.062 0.068 0.075 0.067 
Saskatchewan River A 0.057 i 0.043 
Slave River 0.213 0.348 0.219 0.111 
Orthophosphate (milligrams P per litre) Lake Ontario (mid-lake) 0.024 0.018 0.010 0.004 
a SS — 
Suspended solids (milligrams per litre) Fraser River 34 79 39 36 es 
Mackenzie River 97 74 Fe 33 35 
Roseau River 7 8 11 1 10 
Saskatchewan River 51 43 43 34 26 
Skeena River “s - 33 
Slave River 153 406 41 24 34 
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Table A1.2 
Selected Water Quality Statistics, 1979-1993 (continued) 
Period 
Pollutant River 1979-1981 1982-1984 1985-1987 1988-1990 1991-1993 
MEXICO 
Dissolved oxygen (milligrams Op per litre) Rio Atoyac 4.3 1.8 ol 
Rio Balsas 7.3 6.4 & 
Rio Blanco 4.4 3.6 3.7 
Rio Colorado = i 8.6 
Rio Lerma 1.9 1.0 1.3 re 
Rio Panuco 7.5 8.5 5 8.0 
Fecal coliform (number per 100 millilitres) Rio Atoyac 310 000 190 000 386 631 1 000 000 
Rio Balsas 14 000 40 000 99 986 
Rio Blanco 41 000 40 000 112 400 40 000 
Rio Colorado 674 344 246 69 
Rio Lerma 300 000 300 000 159 920 
Rio Panuco 1 280 161 1 028 = 
Nitrate + Nitrite (milligrams N per litre) Rio Atoyac 0.18 0.98 
Rio Blanco 2.13 1.28 
Rio Colorado 0.30 oe 
Dissolved orthophosphate (milligrams P per litre) Rio Panuco 0.072 
Total orthophosphate (milligrams P per litre) Rio Balsas 0.248 
Rio Panuco 0.049 
Total phosphorous (milligrams P per litre) Rio Balsas 0.529 
Rio Panuco is % 0.060 
Orthophosphate (milligrams PO, per litre) Rio Atoyac 6.130 3.236 4.794 1.305 
Rio Balsas 0.836 0.070 0.356 
Rio Blanco 0.265 0.224 0.174 
Rio Colorado 0.129 a 0.072 
Rio Lerma 552) 0.839 1.679 
Rio Panuco 0.065 ‘é : 
Total phosphate (milligrams per litre) Rio Atoyac 12.092 6.542 5.934 2.048 
Rio Balsas 1.226 0.698 0.729 0.419 
Rio Blanco 0.545 0.452 0.392 0.927 
Rio Colorado 0.216 0.211 0.147 0.033 
Rio Lerma 3.424 23.811 2.244 
Rio Panuco 0.080 ig 
Suspended solids (milligrams per litre) Rio Atoyac 411 LAA ee 275 
Rio Balsas 4641 3221 2123 a 
Rio Blanco 74 156 25 
Rio Colorado 59 37 21 
Rio Lerma 273 214 


Rio Panuco 337 55) 217 77 we 
0 GS 
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Table A1.2 
Selected Water Quality Statistics, 1979-1993 (concluded) 
Period 

Pollutant River 1979-1981 1982-1984 1985-1987 1988-1990 1991-1993 

UNITED STATES 

Dissolved oxygen (milligrams Oz per litre) Delaware River 11.4 11.0 12.0 8.4 10.1 
Hudson River 10.5 11.4 a 10.8 10.8 
Mississippi River % 8.8 8.5 bY 9.4 
Rio Grande 8.2 8.9 8.8 8.3 8.2 
Saint Lawrence River 10.7 11.4 9.1 10.3 11.4 

Dissolved fluoride (milligrams F per litre) Delaware River 0.1 0.1 z 0.1 0.1 
Hudson River 0.1 Es E re 
Mississippi River 0.2 0.2 0.2 0.2 0.2 
Rio Grande 0.7 0.8 0.7 0.7 0.7 
Saint Lawrence River 0.1 0.2 0.2 0.2 

Fecal coliform (number per 100 millilitres) Delaware River 403 178 56 138 87 
Hudson River 1 102 1070 mA x 519 
Mississippi River 457 1145 2 989 es 590 
Rio Grande 3 830 2 567 1 404 2 136 1418 
Saint Lawrence River 7 10 8 9 10 

Dissolved mercury (micrograms Hg per litre) Delaware River = 0.23 
Rio Grande Oxia Ay “= Ss x 

Total mercury (micrograms Hg per litre) Rio Grande 0.27 

a al ec eee ee SSS EE 

Nitrate + Nitrite (milligrams N per litre) Delaware River 0.97 1.22 1.04 6.00 0.91 
Hudson River 0.63 0.65 a 0.55 0.48 
Mississippi River 1.40 ms 1.48 1.19 1.63 
Rio Grande ; 0.14 r # re 0.26 
Saint Lawrence River 0.20 0.25 0.21 0.28 0.22 

Total phosphorous (milligrams P per litre) Delaware River ¥ Fe a 55 0.11 
Hudson River ee RS ss is 0.05 
Mississippi River = ‘ “ a 0.18 
Rio Grande re as " - 0.11 
Saint Lawrence River es * se ss 0.02 

Dissolved phosphorous (milligrams P per litre) Delaware River es = 2 us 0.05 
Hudson River a 6 , Bs 0.03 
Mississippi River es " ts 0.08 
Rio Grande ‘. “3 os e 0.04 


Notes: 

The reader should note that data collection methods vary considerably from country to country. Caution should be used when interpreting the information. Although many countries adhere to 
United Nations guidelines for economic, demographic and social data collection, most have adapted these definitions and methods to better suit the local conditions. In addition, the collection 
of environmental data has often not reached the level of standardization that is found in these other fields. 

Data are three-year averages. 

Source: 

Environment Canada, National Water Research Institute, Gems/Water Database. 


ee ey ee ee ee 
Environmental Perspectives Statistics Canada - Catalogue No. 11-528-XPE, No. 3 95 


Annex 1: Selected Environment Statistics for Canada, Mexico and the United States 


Table A1.3 


Concentrations of Selected Air Pollutants, 1980-1993 
a a 


Number of Base year Base 
Pollutant City stations value year 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 
yg/m? index 

CANADA 

SO> Canada 58-65 16 1985 163 132 132 99 115 100 100 81 100 100 100 75 81 
Montréal, Que. 7 14 1988 100 136 107 71 86 
Hamilton, Ont. 3 25 1988 100 124 96 96 88 
Vancouver, B.C. 4 26 1988 100 94 125 81 75 
Dorset, Ont. 1 3 1985 100 100 100 100 192 

NO, Canada 34-47 411985. a5 106) 106) 5 101 One 00 100 95 98 105 98 90 83 
Montréal, Que. 3 48 1988 100 108 108 98 73 
Hamilton, Ont. 2 46 1988 100 100 83 89 80 
Vancouver, B.C. 3 51 1988 100 94 92 94 92 
Dorset, Ont. 1 in) alles 166 100 66 34 34 35 

Particulates Canada 85 43 1985 156 1386 120 111 107 42100 100 112 «4102 @«102 91 91 84 
Montréal, Que. 46 1988 100 102 80 83 83 
Hamilton, Ont. 81 1988 OO 99 89 83 70 
Vancouver, B.C. 8 35 1988 8 es = 2 x x ee - 100 100 91 94 91 % 

MEXICO 

SO, Mexique, D.F. 5 163 1988 100 88 95 103 88 39 

NO» Mexique, D.F. 5 228 1986 100 60 72 71 74 69 73 69 

Particulates Mexique, D.F. 5 619 1985 86 89 87 85 93. 100 95 68 73 94 127 148 89 71 

UNITED STATES 

SO, United States 234 25 1985 120 113 107 104 107 #100 99 96 98 95 88 87 81 80 
New York, NY 15 34 1985 111 113 105 98 105 100 92 94 100 95 84 83 75 67 
Los Angeles, CA 6 16ST S856 eet Ge OG eel Olen OO 87 77 76 57 46 46 43 40 
Steubenville, OH 2 2m 1 OSS tC Ol OS mun OO meme OS memati LOOT 106 S108 al 1122 16a 103) 88 
Denver, CO 2 16 1985 142 158 132 153 126 100 99° 107. 106 91 91 102. 109 99 
Dunn, CO 1 4 1985 69 82) 133) 1100 92 100 95 Ute 79 82 79 77 79 87 

NO, United States 83 46 1985 106 104 102 100 101 100 101 100 102 98 93 94 89 86 
Los Angeles, CA 12 86 1985 110 110 106 100 98 100 99 92 101 99 90 92 85 80 
New York, NY 3 SS 1985S 0710S 4 Se 107 OOmn 1 OS nl 4am 1 Out OF 101 102 97 100 
Chicago, IL 1 67 1985 93 93 106 97 95 100 90 89 91 98 88 92 86 86 
Washington, D.C. 5 56 1985 97 97 94 95 98 100 102 97 92 85 93 90 87 88 
Mercer, CO 4 7 1985 99 103 91 86 87 100 120 96 91 90 96 93 97 97 

Particulates United States 241 34 1988 100 99 90 90 82 79 
Los Angeles, CA 13 58 1988 100 100 88 87 73 70 
New York, NY 14 31 1988 100 97 96 99 81 78 
Steubenville, OH 5 43 1988 100 104 92 97 88 ~ 
Denver, CO 6 35 1988 100 100 86 85 Sie 


Note: 


Fargo Moorhead, ND 


1988 


The reader should note that the data collection methods vary considerably from country to country. Caution should be used when interpreting the information. Although many countries adhere 
to United Nations guidelines for economic, demographic and social data collection, most have adapted these definitions and methods to better suit the local conditions. In addition, the collection 
of environmental data has often not reached the level of standardization that is found in these other fields. 


Source: 


Organisation for Economic Co-operation and Development, OECD Environmental Data, Compendium 1995, Paris, 1995. 
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Table A2.1 
Selected Environmental Quality Statistics, 1961-1995 


Source 1961 1966 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 
AIR QUALITY === 5, cage Pe ea) Say agin ee a aa 
Urban ground level! 
Average station exceedances for SOs, NO, and CO 
Average station exceedances for ozone 
Average station exceedances for particulates 
Ozone layer* (Dobson units?) 


9.8 6.6 10.3 
25.4 23.7 23.8 
8.2 8.0 5.8 


» » » 


Toronto b 341 361 358 354 360 332 352 351 347 355 337 348 351 348 
Edmonton b 335 369 346 345 346 339 355 352 338 354 333 343 349 341 
Resolute b 361 395 382 398 408 387 382 366 371 371 380 377, 375 371 
Production of CFCs (kt) b ies) 14.0 15.2 
Production of other ozone depleting substances (kt) b 3.4 2.8 2.8 
Air emissions 
Nitrogen dioxide (kt) c 1 364 Pi 2 4 et) 756 S = és . 1959 1907 
Sulphur dioxide (kt) c 6 677 : a a eS chi) ee 3 - . 4643 4291 
Carbon monoxide (kt) c 10 057 sd ie Re . 10594 s os s Oe 7s) a 
Carbon dioxide from fossil fuel combustion (Mt) d 194 265 334 342 363 376 379 381 396 390 394 412 414 402 
Particulates (kt) c 1 850 ny ss 2 8 o se is eo cA 
LAND 
Agricultural land use (million hectares) 
Cropland ef 25.3 27.9 is 27.8 a % é. 28.3 ” 2 * re 30.9 
Improved pasture e,f 41 4.4 “ 4.1 as es - ie 4.1 % a zs s 41 
Summertfallow ef 11.4 10.4 . 10.8 " 3 i S 10.9 Ss 0 a zi 9.7 
Other land e,f 1.0 1.0 : 1.0 oe ss s # 0.9 s 6 ~ a 1.4 
Unimproved farmland ef 28.0 26.7 a 25.0 FS i He 3 24.2 x es Pe ee 19.8 
Total farmland ef 69.8 70.5 = 68.7 as - a Bs 68.4 i # * 65.9 
Proportion of Canada's land area in agriculture (%) d 7.6 7.6 * 7.5 = e PS 3 7.4 % ws es 4 Tee 
Grain crop production (all types) (thousand tonnes) f 15961 36784 25863 35892 32938 33799 28205 33441 40931 37947 37342 30643 35564 44096 
Total cattle inventory (thousands)* f 11934 12879 12826 13271 13644 14128 15101 15260 14384 13619 12807 12650 12764 12764 
Agricultural fertilizer use (thousand tonnes) 
Nitrogen g 13 218 268 323 334 410 513 531 586 599 755 831 831 916 
Phosphate g 161 333 281 326 341 415 494 502 503 503 594 630 628 635 
Potash g 93 142 175 184 189 191 202 207 242 234 273 330 349 363 
Total fertilizer sold (thousand tonnes)® g 709. 1811 #1694 1915 1972 2261 2608 2676 2780 2829 3267 3671 3572 3758 
Value of agricultural pesticides applied (million $1986) e 169 Pa Ee Fo a 2 x A es a 398 3 
Forest land harvested (thousand ha) | 680 704 735 823 876 873 795 
Forest land defoliated by insects (thousand ha)® | a “2 a 33 es 64658 68494 55178 48646 41690 43781 
Forest land burned, all causes (thousand ha) | 1059 1695 780 1184 849 1032 1814 1438 289 2701 4777 5393 
Rural to urban land conversion (hectares)’ i 86 090 fs ee és . 61 164 = 3 if .. 98976 
ATLANTIC FISH CATCH*® (thousand tonnes) 
Groundfish j 1365 1743 1738 1701 41627 =%41646 #%1359 1195 998 820 848 934 930 980 
Pelagic j 85 285 784 824 787 935 871 916 829 533 326 236 242 255 
Salmon j 2 4 4 5 4 5 4 5 4 4 3 3 4 4 
Total finfish j_ 1452 2032 2526 2530 2418 2586 2234 2116 1831 1357 #1177 «+1173 #21176 ~«+1239 
ENERGY USE (petajoules) 
Coal k,d 548 635 708 673 635 654 665 658 709 773 789 876 928 946 
Oil d 1803 2328 2860 3119 3425 3771 3931 3806 3770 4004 4011 4297 4196 3990 
Natural gas d 566 938 1370 1462 1644 1749 1767 ~%41800 1841 41643 41664 1734 41785 41710 
Nuclear de ree 1 4 15 26 54 53 45 63 95 112 127 137 136 
Total non-renewable energy d 2917 3902 4942 5269 5730 6228 6416 6308 6383 6514 6576 7034 7046 6782 
Hydroelectricity de 364 463 555 564 615 641 709 699 729 725 766 761 797 826 
Wood? k 178 107 106 342 353 377 391 326 346 346 357 374 405 393 
Total renewable energy d 542 570 661 906 968 11018) 1100) 10255 0755) 1071 1) 12398 A 1o5eenrcOc meet o 
Total energy d 3459 4472 5603 6175 6698 7246 7516 7333 7458 7586 7698 8169 8248 8001 
Energy per capita (gigajoules per capita) d 180 220 260 267 288 308 315 305 305 307 307 324 322 310 


17.5 


21 20.2 18.7 


21.1 21.2 19.3 18.9 18.3 18.8 


er $ of real GDP (megajoules per 1986 $ 20.5 


Notes: 

1. This information provides a measure of the number of times the oxides, ozone or particulates exceeded maximum acceptable levels each year. 

2. From 1961 to 1992 figures are averaged from six readings per year while 1994 figures are averaged from three readings. 

3. Dobson unit: a unit measure used to estimate the thickness of the ozone layer. 100 Dobson units represents a quantity equivalent to a 1mm thick layer of ozone at sea level. 
4. Changes in surveying dates and methods between 1975 and 1976 may cause some inconsistencies. 

5. Total fertilizer sold includes all nutrients as well as fertilizer filler materials. 

6. Any forested area may be defoliated by more than one insect. Therefore, there can be considerable overlap in the reported figures. 

7. These figures represent rural to urban land use conversion over the preceding five years. Data were not collected after 1986. 

8. Includes surveillance estimates of catches in the NAFO regulatory area and foreign catches made outside the 200-mile zone on straddling stocks and the Flemish Cap. 

9. Includes spent pulping liquor, wood waste and residential firewood. 

Sources: 

a. Environment Canada, State of the Environment Directorate, Technical Supplement to the Environmental Indicator Bulletin on Urban Air Quality, Ottawa, 1994. 

b. Environment Canada, State of the Environment Directorate, Technical Supplement to the Environmental Indicator Bulletin on Stratospheric Ozone Depletion, Ottawa, 1993. 
c. Organisation for Economic Cooperation and Development, OECD Environmental Data Compendium 1993, Paris, 1993. 

d. Statistics Canada, National Accounts and Environment Division. 

e. Statistics Canada, Human Activity and the Environment, 1994, Catalogue No. 11-509E, Ottawa, 1994. 

f. Statistics Canada, Agriculture Division. 

g. Statistics Canada, Fertilizer Trade, Catalogue No. 46-207, Ottawa, various issues, and Agriculture Canada, Farm Policy Development Branch. 

h. Natural Resources Canada, Canadian Forest Service, Canada's Forest Inventory 1981, 1986, 1991. 

i. Environment Canada, State of Environment Directorate, Technical Supplement to a Report on Canada's Progress Towards a National Set of Environmental Indicators, Ottawa, 1991. 
j. Department of Fisheries and Oceans Canada, Biological Sciences Directorate. 

k. Environment Canada, State of the Environment Directorate, Technical Supplement to the Environmental Indicator Bulletin on Energy Consumption, Ottawa, 1994. 

|. Natural Resources Canada, Canadian Forest Service. 
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Table A2.1 
Selected Environmental Quality Statistics, 1961-1995 (concluded) 


EEE +7 Un y-7-7 EE PP EP YS -7= 7 T=7W Y= 


Source 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 


AIR QUALITY 
Urban ground level! 
Average station exceedances for SOz, NO, and CO a 6.8 5.4 2.2 2.6 4.4 1.8 2.5 1.3 3.3 1.0 0.2 
Average station exceedances for ozone a 13.8 35.6 17.9 11.6 10.0 15.8 57.8 19.8 10.6 19.0 6.7 
Average station exceedances for particulates a 4.4 etn 3.1 2.0 2.0 PAS) 2.4 1.9 0.9 lel 0.8 
Ozone layer? (Dobson units?) 
Toronto 344 333 339 340 336 345 342 339 330 338 333 319 333 


b 
Edmonton b 359 334 340 335 334 339 330 334 332 337 328 311 326 
Resolute b 370 360 357 371 424 360 359 367 354 364 342 328 364 

Production of CFCs (kt) b 14.2 15.6 16.9 18.5 19.9 21.2 21.0 18.8 13.1 8.8 10.7 4.0 

Production of other ozone depleting substances (kt) b 3.2 3.7 4.7 4.6 5.0 6.6 6.6 5.4 4.1 3.5 25 1.0 


Air emissions 

Nitrogen dioxide (kt) c 1897 1884 1871 1984 1934 2037 2117 2120 1999 1976 1939 

Sulphur dioxide (kt) c 3612 3625 3955 3692 3627 3762 3838 3695 3323 3306 3030 

Carbon monoxide (kt) @ % = . 10781 re fe - i = Pe f z 

Carbon dioxide from fossil fuel combustion (Mt) d 387 380 393 385 376 404 432 452 432 422 436 443 456 

Particulates (kt) c D : nyt Ae) 46 2: ne 4 ERS) % 53 ee 5 ce 
LAND 
Agricultural land use (million hectares) 

Cropland e,f s = = us Sie x S FA 33.5 

Improved pasture e,f ‘ “i e 3.6 a 3s <s " 4.1 

Summertfallow ef ee = ss a 8.5 % ie is Ss 7.9 

Other land e,f . as e o 0.7 

Unimproved farmland e,f 5 S “ 21.8 n Fe ue 

Total farmland e,f * es - ® 67.8 <3 = s a 67.8 
Proportion of Canada's land area in agriculture (%) d = es ru 7.4 ns = ss = 7.4 es ie ie # 
Grain crop production (all types) (thousand tonnes) f 46728 41415 35933 41209 50870 44477 30250 41881 49530 46314 44605 45802 46 805 49517 
Total cattle inventory (thousands)* f 12591 12290 12031 11651 11299 11264 11512 11780 11907 12 We GC) GIZA) ae} ais) 110.0) 
Agricultural fertilizer use (thousand tonnes) 

Nitrogen g 966 1002 1157 1254 1221 1145 1188 #%1160 1196 1158 1253 1306 1406 1448 

Phosphate g 636 652 713 724 695 626 634 614 614 578 592 637 641 628 

Potash g 344 338 377 400 370 370 404 356 360 338 310 328 328 310 
Total fertilizer sold (thousand tonnes)° g 3742 3842 4243 4435 4300 4069 4241 4048 4105 3922 4071 4218 4536 4566 
Value of agricultural pesticides applied (million $1986) e = = is 694 es 2s % a 705 _ re ‘ F 
Forest land harvested (thousand ha) | 753 828 895 898 972 1051 1086 1018 893 856 906 969 

Forest land defoliated by insects (thousand ha)® | 25641 27359 19851 27267 16429 13009 15528 18854 20493 33896 41943 20521 

Forest land burned, all causes (thousand ha) | 1706 1194 765 755 950 1086 1336 7560 931 1575 869 1967 
Rural to urban land conversion (hectares)’ i as & % « SEPA) 4 


ATLANTIC FISH CATCH® (thousand tonnes) 


Groundfish j 1032 949 983 1062 1157 1120 1031 1026 998 886 659° 455P 192P 
Pelagic j 217 231 270 302 379 412 493 423 516 331 286 258P 203P 
Salmon j 3 2 1 2 3 3 2 1 1 1 Ae -P -?P 
Total finfish j 1252 1182 1254 1366 1539 1535 1526 1 450 1515 1218 946P 713P 395P 
ENERGY USE (petajoules) 
Coal kd 1002 1048 1167 1122 1040 1118 1200 1198 1077 1104 1137 1044 1086 
Oil d 3332 3183 3170 3077 3038 3155 3339 3402 3463 3249 3175 3462 3 604 
Natural gas d 1718 1754 1880 2361 2317 2358 2593 2790 2676 2705 2863 2886 3010 
Nuclear de 130 166 Uae 206 242 262 281 271 248 288 274 319 366 
Total non-renewable energy d 6182 6151 6394 6766 6637 6893 7413 7660 7465 7346 7449 7711 8 066 
Hydroelectricity de 806 817 881 939 989 972 996 1005 1057 1033 41038 %41055 41018 
Wood? k 421 459 391 473 498 503 503 483 473 485 491 493 537 
Total renewable energy d 1227 1276 1272 1412 1487 1475 1499 1488 1530 1518 1529 1 548 1555 
Total energy d 7409 7427 7666 8178 8124 8368 8912 9148 8995 8864 8978 9259 9621 
Energy per capita (gigajoules per capita) d 280 277 288 304 297 304 321 325 314 306 308 314 329 


E per $ of real GDP (megajoules per 1986 $) d 166 16.1 15.9 16.1 15.4 15.4 Wetré 15.7 15.4 15.5 15.6 15.9 16.1 


nergy eg a 
Notes: 

. This information provides a measure of the number of times the oxides, ozone or particulates exceeded maximum acceptable levels each year. 

_ From 1961 to 1992 figures are averaged from six readings per year while 1994 figures are averaged from three readings. 

Dobson unit: a unit measure used to estimate the thickness of the ozone layer. 100 Dobson units represents a quantity equivalent to a 1mm thick layer of ozone at sea level. 
Changes in surveying dates and methods between 1975 and 1976 may cause some inconsistencies. 

Total fertilizer sold includes all nutrients as well as fertilizer filler materials. 

. Any forested area may be defoliated by more than one insect. Therefore, there can be considerable overlap in the reported figures. 

. These figures represent rural to urban land use conversion over the preceding five years. Data were not collected after 1986. 

_ Includes surveillance estimates of catches in the NAFO regulatory area and foreign catches made outside the 200-mile zone on straddling stocks and the Flemish Cap. 

. Includes spent pulping liquor, wood waste and residential firewood. ; 

Sources: 

a. Environment Canada, State of the Environment Directorate, Technical Supplement to the Environmental Indicator Bulletin on Urban Air Quality, Ottawa, 1994. 

b. Environment Canada, State of the Environment Directorate, Technical Supplement to the Environmental Indicator Bulletin on Stratospheric Ozone Depletion, Ottawa, 1993. 
c. Organisation for Economic Cooperation and Development, OECD Environmental! Data Compendium 1993, Paris, 1993. 

d. Statistics Canada, National Accounts and Environment Division. 

e. Statistics Canada, Human Activity and the Environment, 1994, Catalogue No. 11-509E, Ottawa, 1994. 

f. Statistics Canada, Agriculture Division. 

g. Statistics Canada, Fertilizer Trade, Catalogue No. 46-207, Ottawa, various issues, and Agriculture Canada, Farm Policy Development Branch. 

h. Natural Resources Canada, Canadian Forest Service, Canada's Forest Inventory 1981, 1986, 1991. 

i. Environment Canada, State of Environment Directorate, Technical Supplement to a Report on Canada's Progress Towards a National Set of Environmental Indicators, Ottawa, 1991. 
j. Department of Fisheries and Oceans Canada, Biological Sciences Directorate. 

k. Environment Canada, State of the Environment Directorate, Technical Supplement to the Environmental Indicator Bulletin on Energy Consumption, Ottawa, 1994. 

|. Natural Resources Canada, Canadian Forest Service. 
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Table A2.2 
Selected Statistics on Land by Province and Territory, 1986-1996 
Year Source Canada Nfld. P.E.I. N.S. N.B. Que. Ont. Man. Sask. Alta. B.C. Yukon N.W.T. 
Total area (km?) a 9970610 405720 5660 55490 73440 1540680 1068580 649950 652330 661190 947 800 483450 3 426 320 
Water area (km?) a 755180 34030 2 OOO GOO 183 890 177390 101590 81630 16800 18070 4 480 133 300 
Land area (km?) a 9215430 371690 5660 52840 72090 1356790 891190 548360 570700 644390 929730 478970 3293020 
Area of farms (km?) 1986 a 678258 366 2724 4165 4089 36 388 56466 77402 265994 206553 24111 - - 
1991 a 677 537 474 2589 3970 3756 34 296 54514 77250 268655 208110 23923 - - 
Forest land! (km?) 1991 d 4161770 225250 2950 39230 61060 824860 579950 262770 288060 382 140 605640 275500 614360 
Other land (km?) 1991 d 4376123 145966 121 9640 7274 497634 256726 208340 13985 54 140 300167 203470 2678660 


Land use distribution 


Area of farms (% of land area) 1986 a 7.4 0.0 860.0 0.0 0.0 0.4 0.6 0.8 2.9 2.2 0.3 0.0 0.0 
1991 a 7.4 0.0 0.0 0.0 0.0 0.4 0.6 0.8 2.9 2.3 0.3 0.0 0.0 
Forest land (% of land area) 1991 d 45.2 2.4 0.0 0.4 0.7 9.0 6.3 2.9 3.1 41 6.6 3.0 6.7 
Other land (% of land area) 1991 d 47.5 1.6 0.0 0.1 0.1 5.4 2.8 2.3 0.2 0.6 3.3 2.2 29.1 
Use of farmland 
Cropland (km?) 1986 a 331812 49 1565 1095 1295 17 444 34580 45193 133258 91625 5 708 - - 
1991 a 335078 63 1541 1062 1222 16 385 34117 47610 134589 92920 5 568 - - 
Improved pasture (km?) 1986 a 35 592 38 226 362 272 3011 4313 2749 8787 13768 2 064 - - 
1991 a 41412 46 193 307 250 2709 3 902 3413 10757 17 425 2410 - - 
Summerfallow (km?) 1986 a 84 990 4 26 39 43 318 803 5092 56583 21270 812 - - 
1991 a 79 209 1 10 12 16 147 637 PAG) YES GPA TAKS 575 - - 
Cropland tilled (percent) 1991 b 80.9 97.7 994 989 98.7 99.1 98.2 94.1 70.2 84.0 90.6 - - 
Protected land 
Area (km?) 1996 e 756319 7 358 78 3187 3957 158050 62648 63938 28558 66518 69191 49452 243384 
Proportion of total area (%) 1996 b 7.6 1.8 1.4 5.7 5.4 10.3 5.9 9.8 4.4 10.1 7.3 10.2 Tei 
Road network 
Two-lane equivalent length? (km) 1990-91 f 874155 12290 4935 25779 20670 119321 167500 84965 193923 173473 62158 5 238 3 903 
Density (km/thousand km?) 1990-91 fi 95 33 872 488 287 88 188 155 340 269 67 11 1 
Notes: 


Figures may not add due to rounding. 
See Chapter 7 for more detail on land cover and use statistics. 

1. Values in 1986 include estimates of non-inventoried forest land. 

2. Cropland in this definition excludes no-till and permanent cropland areas such as tree fruit orchards. 

3. Canada figures includes 14 743 km under federal jurisdiction. 

Sources: 

a. Statistics Canada, Canada Year Book 1994, Catalogue No. 11-402E, Ottawa, 1994. 

b. Statistics Canada, National Accounts and Environment Division. 

c. Natural Resources Canada, Canada’s Forest Inventory, 1986, Ottawa, 1987. 

d. Natural Resources Canada, Canadian Forest Service, Canadian Council of Forest Ministers, Compendium of Canadian Forestry Statistics 1993, Ottawa, 1994. 
e. Environment Canada, State of the Environment Directorate, 1996 State of the Environment Report, Ottawa, 1996. 

f. Transportation Association of Canada. 
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Table A2.3 
Selected Statistics on Forestry by Province and Territory, 1986-1993 
Year Canada Nfld. PE.l. N.S. N.B. Que. Ont. Man. Sask. Alta. B.C. Yukon! —N.W.T.! 
Total production? (million $) 
1986 5775.5 95.4 0.6 147.2 365.3 1 096.4 1015.0 53.7 91.4 114.2 2 796.2 - 
1987 7 538.3 107.7 - 173.5 439.1 1 441.4 1146.9 74.7 107.3 138.8 3 907.3 - 
1988 8 061.9 122.1 a5 203.9 546.8 1 540.3 1201.0 68.7 119.1 its eay/ 4105.5 0.6 
1989 8 696.8 132.0 2.0 203.9 603.4 1 732.9 1 290.5 72.9 122.4 183.9 4 351.7 1.4 
1990 8 113.8 135.9 2.6 196.2 557.9 1 649.3 1 168.4 78.9 102.6 203.4 4017.7 0.9 
1991 7 702.0 132.6 3.3 198.2 492.2 1 520.6 1 092.6 61.7 78.3 273.4 3 848.5 0.6 
1992 8 358.5 128.4 Ey 220.1 475.1 1 580.7 1 188.3 76.3 99.3 293.9 4294.3 0.6 
1993 9 030.9 141.4 4.2 206.1 461.4 1 579.9 1 154.5 76.3 112.2 317.3 4 976.1 1.2 
Total roundwood harvested (thousand cubic metres) 
1986 177 190 2 408 424 4004 8 720 38 127 30 186 1703 3 529 10 387 77 503 199 
1987 191 685 2 524 479 4789 7 869 39 503 29 692 1 887 3 666 10 496 90 591 188 
1988 190 616 2513 475 5 039 9 199 39 381 29 338 1 883 3818 11 990 86 807 172 
1989 188 254 2535 416 4772 9 281 36 192 29 642 1 848 3 685 12 293 87 414 176 
1990° 162 952 2 876 448 4639 8 824 30 524 25 420 1 563 2 758 11911 73 861 82 46 
1991 161 538 2 680 452 4348 8 643 29 595 23 829 1278 2 957 12 926 74 706 79 46 
4992" 170 304 2 821 510 4248 9 205 31171 24 286 1 598 3 081 14 594 78 579 162 49 
1993P 175 799 3 131 534 4585 8 959 34 604 25 432 1 539 4 433 14 183 78 004 193 203 
Area harvested (hectares) 
1986 971 813 17 440 2 350 34 121 86 898 297 616 223 517 11 128 19 356 38 811 239 877 299 400 
1987 1 050 849 18 940 2725 42 266 88 976 329 300 228 464 12 362 25 742 40 248 259 982 1172 672 
1988 1 086 098 19 628 2731 41 421 99 192 337 668 237 188 12 378 22 089 42 538 270 401 465 399 
1989 1017 818 19 449 2 421 36 733 90 114 342 231 230 308 12 205 22 281 41 688 218 384 1554 450 
1990° 892 869 22 100 2317 39 310 80 109 253 325 238 213 10 349 16 538 48 387 181 530 366 325 
1991° 856 403 18 661 2091 37 566 91916 236 725 199 720 8518 17 522 49 213 193 654 350 467 
1992" 905 755 18 391 2550 33 932 103 335 248 491 190 676 11414 18 471 55 852 221 599 639 405 
1993P 968 584 20 640 2976 42 780 100 650 311 623 206 000 10 993 19 456 44 565 207 748 634 519 
Area burned - stocked timber-productive forest land? (hectares) 
1986 311 367 23511 85 268 37 216 173 296 50 598 5 495 4031 1 587 9 474 3 132 11 
1987 306 516 10 622 16 312 895 27 849 5 461 84 266 129 332 24 295 22 308 1 150 10 
1988 639 777 Vi 2 89 1778 273 066 35 994 295 930 24 187 5 149 3 284 288 3 
1989 3 877 394 2651 2 159 280 2 108 206 4990 1 539 180 137 404 2994 11 089 70 439 
1990 281 831 2601 ct 477 5 198 76 825 3 200 6 727 71 198 21 281 52 575 16 704 
1991 375 130 9576 23 1 022 2732 101 305 5 025 55 266 118 850 2 222 16 658 61 227 
1992" 265 727 1015 8 805 4 668 24 298 10 331 187 890 12 768 1 006 APA 3 785 - 
1993 417 995 21 6 120 535 125 211 2116 44 545 227 208 13 858 1 376 - - 


_ 1993417995 NCEE ee 
Area seeded and planted (hectares) 


1986 334 918 802 863 9 160 20 517 64 888 94 782 4146 4 482 19 539 115 739 - - 
1987 430 456 5 604 1 092 9 880 18916 92 437 101 468 5 721 3110 23 226 169 002 - - 
1988 459 865 4 468 1077 11655 19 123 99 880 111251 7 061 7 020 28 845 169 485 - - 
1989 476 440 4691 744 9 760 20 272 103 230 118 256 8 264 6 106 30 807 174 310 - - 
1990° 510 828 3 548 833 11 255 22 148 108 388 107 861 6 282 6012 35 253 209 168 B 80 
1991" 513 784 2891 1 032 8 198 19 529 108 095 120 627 8041 6 545 39 363 199 422 = 41 
1992" 466 914 3531 1161 7 502 16 526 98 892 96 258 7 142 6 403 44 520 184 922 3 57 
1993P 451 965 2790 1 227 5 213 13 089 86 048 101 684 5 659 6 679 39 166 190 176 174 60 


_—_1993" 451 960 Dee ee ee 
Notes: 

Figures may not add due to rounding. 

One square kilometre contains 100 hectares. 

1. Data for Northwest Territories included in data for Yukon when not available separately. 

2. Total production is the value of shipments of the logging industry. 

3. Canada total includes areas burned in National Parks. 

Sources: 

Statistics Canada, Canadian Forestry Statistics, Catalogue No. 25-202, Ottawa, various issues. 

Natural Resources Canada, Canadian Forests Service, Canadian Council of Forest Ministers, Compendium of Canadian Forestry Statistics 1994, Ottawa, 1995. 
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Table A2.4 


Nominal Catches and Landed Values of Fish by Species and Region, 1993 and 1994 
1993P 1994P 


Atlantic coast Pacific coast Canada Atlantic coast Pacific coast Canada 
Species Quantity! Value Quantity! Value Quantity! Value —_ Quantity! Value Quantity! Value Quantity’ Value 
thousand thousand thousand thousand thousand thousand 
tonnes dollars tonnes dollars tonnes dollars tonnes dollars tonnes dollars tonnes dollars 
Groundfish 
Cod? 71 889 59 936 7 700 4377 79 589 64 313 22 550 29 417 3 500 2 300 26 050 31717 
Haddock 13 131 20 997 : - 13 131 20 997 6 955 13 965 - - 6 955 13 965 
Redfish 77 734 21070 22 527 16 031 100 261 37 101 50 774 15 716 23 372 20 100 74 146 35 816 
Halibut 1 482 6 979 5 688 27 000 7 170 33 979 1 206 7 654 5 326 33 618 6 532 41 272 
Flatfishes 38 597 23 659 9 341 6712 47 938 30 371 15 165 17 974 7 980 6 639 23 145 24 613 
Turbot 18 909 16 153 3 932 1 002 22 841 17 155 10 964 14 279 4 000 1 000 14 964 15 279 
Pollock 21970 12 370 5 744 1 877 27 714 14 247 15 584 10 885 3 626 1152 19 210 12 037 
Hake? 35 388 22 146 62 509 8 664 97 897 30 810 14 656 9041 109 546 15 467 124 202 24 508 
Cusk 2948 2 347 - - 2948 2 347 1692 1 400 - - 1692 1 400 
Catfish 1 003 283 - - 1003 283 485 183 - - 485 183 
Other 3 583 1 281 9 127 23 325 12710 24 606 3948 2417 9011 29 135 12 959 31 552 
Total 286 634 187 221 126 568 88 988 413 202 276 209 143 979 122 931 166 361 109 411 310 340 232 342 
Pelagic and other finfish 
Herring/sardines 194 126 24 572 40 669 67 999 234 795 92 571 205 562 27 328 40 218 80 000 245 780 107 328 
Mackerel 26 124 7 208 - - 26 124 7 208 19 961 6 797 2 2 149 963 6799 
Swordfish . i a .. = Fe 1675 14 050 - - 1675 14 050 
Tuna 524 5 678 322 755 846 6 433 608 9 467 634 1444 1242 10 911 
Alewife 5 680 1 306 - - 5 680 1306 5 825 1624 - - 5 825 1624 
Eel 393 1 650 - - 393 1 650 568 2 333 - - 568 2 333 
Salmon 134 625 81 743 189 338 81 877 189 963 107 548 65 399 250 485 65 506 251 033 
Skate 293 47 224 38 517 85 6 362 2 250 378 218 6 740 2 468 
Smelt 889 923 1 3 890 926 1 363 1751 3 8 1366 1759 
Capelin 47 441 13 409 - - 47 441 13 409 2140 554 - - 2140 554 
Other 5 427 18 739 886 797 6 313 13 409 5 133 5 153 986 1044 6119 6 197 
Total 281 031 74 157 123 845 258 930 404 876 326 960 249 305 71 856 107 619 333 201 356 924 405 057 
Shellfish 
Clams/quahaug 24 081 24 530 3 582 27 980 27 663 52 510 26 046 27 007 3 955 37 360 30 001 64 367 
Oysters 621 1193 5 250 4 200 5 871 5 393 2 630 4604 5 000 4 400 7 630 9 004 
Scallop 88 586 115 718 - - 88 586 115 718 91 347 138 592 107 504 91 454 139 096 
Squid 2701 568 - - 2701 568 5778 2972 165 187 5 943 3 158 
Mussels is é 2 ms cs = 6118 6 496 - - 6 118 6 496 
Lobster 40 098 293 718 - - 40 098 293 718 41 122 351 109 - - 41 122 351 109 
Shrimps 38 037 81 299 4 262 12 140 42 299 93 439 48 830 99 107 4185 S57 53 015 114 684 
Crab 62 611 112 544 6 242 18 550 68 853 131 094 64 870 271972 5 645 24 158 70 515 296 129 
Other 3 295 5 025 7 454 10 615 10 749 15 640 3555 5 462 7 096 11 624 10 651 17 086 
Total 260 030 634 595 26 790 73 485 286 820 708 080 290 295 907 320 26 151 93 808 316 446 1 001 128 
Miscellaneous items‘ 17 931 6 271 200 1 060 18 131 7 331 32 379 14 488 277 17 201 32 656 31 689 
Total sea fisheries 845 626 902 244 277 403 422 463 1 123 029 1318 580 715 958 1116 595 300 408 553 621 1 016 366 1 670 216 


oi 36 757 69 754 : con 
277 403 422 463 1 159 786 1 388 334 715 958 1116 595 


Total Inland fisheries 


Grand total 845 626 902 244 300 408 553 621 1016 366 1 670 216 


Notes: 

Figures may not add due to rounding. 

1. Quantity in tonnes, live weight. 

2. Pacific cod includes grey cod only. 

3. Hake catches include over-the-side sales to foreign vessels. 

4. Contains marine plants and lumpfish roe. May contain other miscellaneous items. 

Source: 

Department of Fisheries and Oceans Canada, Biological Sciences and Industry Development and Programs Directorate. 
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Table A2.5 


Reserves of Crude Oil and Natural Gas by Province and Territory, December 31, 1986-1994 


Crude oil (thousand cubic metres) 


Natural gas (million cubic metres) 


Notes: 
Figures may not add due to rounding. 


Year 


1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 


1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 


Eastern 
Canada Canada 


944 411 
940 162 
975 148 
937 993 
887 957 
841 302 
809 734 
800 586 
778 793 


2745 510 
2 692 783 
2 670 545 
2 732 449 
2725 390 
2710 869 
2 671 554 
2 232 256 
1 897 990 


East coast 
offshore 


83 000 

83 000 
133 000 
138 600 
138 600 
138 600 
138 020 
137 017 
135 695 


Ont. 


904 

794 
1311 
1324 
1414 
1 323 
1 224 
1 169 
2 046 


17 444 
17 949 
18 311 
17 529 
16 903 
16 718 


Man. 


10 522 
10 485 
8 838 
8 349 
8 351 
7 806 
7 144 
6 534 
6 477 


1. Reserves of natural gas in the Arctic Islands are no longer considered as economically recoverable. 
2. Reserves of natural gas in the Mackenzie Delta and Beaufort Sea are no longer considered as economically recoverable. 


Source: 


Canadian Petroleum Association, Statistical Handbook, Calgary, various issues. 
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Sask. 


106 296 
106 146 
112 838 
111 909 
116 896 
110 336 
119515 
131 213 
135 283 


61 305 
60 705 
56 283 
74791 
78 880 
71 182 
70 409 
80 927 
85 301 


Alta. 


632 743 
631 315 
611518 
582 531 
530 205 
489 959 
452 143 
435 003 
409 543 


1 749 997 
1727 725 
1 688 054 
1705 559 
1 689 884 
1 678 553 
1621 875 
1578 959 
1 547 640 


B.C 


18 500 
17 013 
17 934 
18 490 
17 566 
17 662 
17911 
17 549 
19 431 


240 307 
210 327 
210 094 
218 393 
223 638 
229 215 
247 335 
246 957 
242 227 


Mainland 
territories 


27 460 
26 358 
24 610 
22 734 
20 893 
21 609 
19 748 
17,979 
16 249 


11 636 
11 272 
11 205 
10 987 
10 913 
10 029 
9 883 
9 355 
9 297 


Mackenzie Delta/ 


Beaufort Sea 


64 950 
64 950 
64 950 
53 950 
53 950 
53 950 
53 950 
53 950 
53 950 


258 310 
258 310 
280 130 
298 730 
298 730 
298 730 
298 730 
298 730 


Quantity of Production of Crude Oil and Natural Gas by Province and Territory, 1986-1994 


East coast 


Crude oil (thousand cubic metres) 


Natural gas (million cubic metres) 


Notes: 
Figures may not add due to rounding. 


Year Canada 
1986 69 226 
1987 71 823 
1988 74 495 
1989 70 977 
1990 70179 
1991 69 362 
1992 71 898 
1993 75 233 
1994 78 382 
1986 91 667 
1987 99 490 
1988 114 135 
1989 118 706 
1990 121 696 
1991 129 596 
1992 143 205 
1993 155 030 
1994 166 531 


Eastern 
Canada 


offshore 


1. From 1986 to 1991, production data for the Yukon and N.W.T. are reported together under the N.W.T. 


Source: 


Ont. Man. 
136 823 
136 782 
191 769 
244 723 
247 738 
235 713 
224 656 
253 635 
263 658 
504 - 
508 - 
509 - 
492 - 
449 - 
428 = 
427 - 
411 - 
429 - 


Statistics Canada, The Crude Petroleum and Natural Gas Industry, Catalogue No. 26-213, Ottawa, various issues. 
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Sask. 


11 688 
12 078 
12 168 
11 633 
12 431 
12 390 
13 355 
14 939 
17 184 


2 204 
2751 
4 156 
5 506 
6 552 
7172 
7 030 
7 372 
8 157 


Alta. 


53 082 
55 170 
57 653 
54 605 
52 973 
52 085 
53 175 
54 548 
55 197 


80 303 
86 259 
98 577 
99 747 


102 748 
106 851 
118 895 
129 129 


138 265 


B.C. 


2020 
2 084 
1 882 
1 888 
1 926 
2013 
2 033 
2 004 
1 987 


8 374 
9 724 
10 687 
12 788 
11 800 
14712 


Yukon! 


Statistics Canada - Catalogue No. 11-528-XPE, No. 3 


Arctic 
Islands 


34 
99 
144 
101 
77 
52 
74 
167 
114 


406 370 
406 370 
406 370 
406 370 
406 370 
406 370 
406 370 


N.W.T.! 


1 478 
1570 
1 833 
1 884 
1 864 
1 927 
1878 
1 838 
1779 


282 
249 
205 
171 
147 
434 
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Table A2.7 

Selected Metal Reserves by Province and Territory, December 31, 1986-1993 
Year Canada Nfld. PE NES: N.B. Que. Ont. Man. Sask. Alta. B.C. Yukon N.W.T. 

Copper (thousand tonnes) 
1986 13 331 - - 62 330 623 6 260 492 5 - 5 560 - - 
1987 12 939 - - 62 311 806 6 103 475 5 - Silva - - 
1988 12 693 - - 34 302 838 5 866 515 5 - 5 133 - - 
1989 12 258 - - 21 471 844 5 514 519 2 - 4 889 - - 
1990 11 203 - - 11 375 775 5 050 538 - - 4454 - - 
1991 11115 - - - 238 1601 4695 422 3 - 4 156 - - 
1992 10 818 - - - 234 1 503 4 960 421 - - 3 699 - - 
1993 9 784 = - = 230 930 4735 425 = 3 466 - - 

Nickel (thousand tonnes) 
1986 6 704 - - - - 4 908 1 796 - - - - - 
1987 6 605 - - - - - 4 822 1 784 - - - - - 
1988 6 279 - - - - - 4 546 1733 - - - - - 
1989 6 132 - - - - - 4 461 1672 - - - - - 
1990 5 792 - - - - - 4 208 1 584 - - - - - 
1991 5 691 - - - - - 4 162 1 529 - - - - - 
1992 5 605 - - - - - 4 160 1 445 - - - - - 
1993 5 409 - - - - - 4 036 1372 - - - - - 

Lead (thousand tonnes) 
1986 7 167 - - - 3 648 - 133 25 -- - 1 256 1275 831 
1987 6 694 - - - 3551 - 104 25 -- - 1 180 1212 621 
1988 6 969 - - - 3 482 - 101 20 - - 1071 1755 540 
1989 6 941 - - 68 3 839 9 100 17 - - 999 1 404 506 
1990 6 317 - - 29 3 383 28 94 13 - - 957 1 358 456 
1991 4954 - - - 2 463 23 63 9 - - 908 1 093 397 
1993 4 348 - - - 2 264 20 53 11 - - 786 856 358 
1993 4152 - - - 2176 24 66 9 - - 728 825 325 

Zinc (thousand tonnes) 
1986 22 423 58 - 104 8 964 987 3972 641 1 - 2516 1 958 3 222 
1987 20 636 95 - 104 8 736 897 3 454 612 1 - 2 435 1765 2 538 
1988 21116 36 - 60 8575 836 3 265 1016 2 - 2270 2 816 2 239 
1989 21 688 16 - 160 9 704 1414 2 999 1 084 1 - 1 934 2 250 2 126 
1990 20 091 - - 76 8 700 1 224 2 689 1145 - - 1942 2 419 1 897 
1991 16 448 - - - 6 156 1 732 2213 887 4 - 1 889 1 957 1609 
1992 15 067 - - - 5 738 1710 1819 938 - - 1 835 1 502 1524 
1993 14 213 - - - 5 566 1 097 1973 969 - - 1810 1451 1348 

Silver (tonnes) 
1986 26 694 - - - 9 759 1 506 6 893 721 2 - 5 838 1 849 126 
1987 25 648 - - - 9699 1501 6 057 729 2 - 5 621 1 896 143 
1988 26 959 : - - 9 933 1 200 5 802 812 3 - 6 140 2 943 127 
1989 26 790 4 - - 10 761 1 620 5 504 787 1 - 5 624 2 349 141 
1990 23 227 4 - - 9 498 1311 5 027 757 1 - 4 162 2 339 127 
1991 19 069 2 - - 7 003 2074 4 422 654 3 - 2 838 1 953 121 
1992 16 300 3 - - 6 456 2 008 4 106 398 - - 2 098 1119 113 
1993 15 667 2 - - 6 227 1 424 4 106 451 - - 2017 1 324 117 

Gold (tonnes) 
1986 1 496 43 - - 72 229 882 40 2 - 163 7 57 
1987 1727 41 - - 59 297 998 58 1 - 167 13 91 
1988 1914 38 - 2 74 373 1017 50 ih - 172 40 142 
1989 1748 41 - 1 69 352 951 40 4 - 124 29 136 
1990 1548 39 - - 59 343 812 34 13 - 117 26 105 
1991 1 443 27 - - 46 342 766 29 14 - 103 24 95 
1992 1 367 27 - - 42 319 746 29 2 - 88 18 97 
1993 1 337 23 - - 40 268 761 37 5 : 72 18 113 

Note: 

Figures may not add due to rounding. 

Source: 


Natural Resources Canada, Canadian Minerals Yearbook, Review and Outlook, Ottawa, various issues. 
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Table A2.8 

Production of Selected Metals by Province and Territory, 1986-1995 

Copper (tonnes) 1986 698 527 - - = 6 298 51 622 264 870 65 369 3 506 = 306 855 6 1 
1987 794 149 = > x 7 233 66 848 287 354 66 121 2 335 - 364 134 x 2 
1988 758 478 S = ~ 7 966 47 633 286 536 53 072 2 168 - 360 570 x 1 
1989 704 432 - = x 7 802 65 135 271914 50 484 x - 308 348 - 
1990 771 433 : = x 8 620 99 198 273 448 55 506 x - 333 883 - - 
1991 780 362 - - x 10 476 113 931 261 899 54 875 x - 338 642 - = 
1992 761 694 - = < 13 697 91 950 272 242 60 024 = = 323 781 - 
1993 709 650 231 . - 11 190 78 973 277 461 56 502 = - 285 293 - 
1994 590 784 548 - = 8 562 69 150 224 801 41 293 = = 246 430 - = 
1995P 704 863 2414 - = 13 617 110 000 250 587 46 754 = - 281 492 - = 

Nickel (tonnes) 1986 163 639 - = : = - 121 851 41 788 - - - - 
1987 189 086 = = = = - 130 171 58 915 - - - - 
1988 198 744 > = = = - 128 558 70 186 - - - - - 
1989 195 554 - = = - - 130 632 64 922 - - - - 
1990 195 004 - = = - - 128 828 66 176 - - - - 
1991 188 098 = = = = = 125 790 62 309 = - - - - 
1992 177 555 > > = - - 118 860 58 695 - - - - 
1993 178 529 = = = - - 125 833 52 696 - - - - - 
1994 141 974 - = = - - 106 852 35 122 - = - - - 
1995? 166 842 e 2 = = - 127 828 39 014 = - - - - 

Lead (tonnes) 1986 334 342 = - - 66 590 - 6 288 590 : - 91 947 35 091 133 836 
1987 373 215 = - X 66 485 = 6 092 x - - 57 078 x 131 744 
1988 351 148 = - = 74 543 - 2 485 457 - = 105 103 117 058 51 502 
1989 268 887 = - = 65 180 - 1074 1 365 - - 67 006 94 529 39 734 
1990 233 372 = = x 56 244 = x 1755 - - 19 312 104 181 46 588 
1991 248 102 = 2 Xx 51 957 - x 2 286 = = 63 385 93 912 35 388 
1992 339 626 - - 834 80 885 - - 1 487 = - 81 591 135 688 39 141 
1993 183 105 - - = 72 108 - - 1 933 = - 52 030 27 857 29 178 
1994 167 584 - - = 76 019 - - 422 - = 57 017 - 34 126 
1995P 203 050 - > S 85 105 5 = = = E 59 403 27 000 31 542 

Zinc (tonnes) 1986 988 173 5712 = = 161 807 37 126 265 248 61 463 3 527 S 137 583 50 634 265 073 
1987 1 157 936 7 643 2 = 180 298 91 139 294 309 63 551 1764 : 114117 147 045 258 070 
1988 1 370 000 31 817 - x 261 089 82 031 326 698 53 746 x - 142 833 143 939 325 321 
1989 1 272 854 27 362 = x 201 550 100 638 266 158 72 096 Xx 119 376 154 709 329 001 
1990 1179 372 16 463 = x 233 933 120 599 276 110 77 507 X = 59 346 168 846 218 241 
1991 1 083 008 e 5 x 209 790 117 404 213 599 88 486 x - 125 980 149 487 173 154 
1992 1195 736 - - 582 301 020 107 466 190 523 89 211 - - 133 149 202 304 171 481 
1993 990 727 : © = 303 985 131 852 179 049 89 658 = - 107 457 35 204 143 521 
1994 976 309 = e - 291 796 139 898 163 658 93 607 - = 115 510 - 171 840 
1995P 1093 541 2 = = 334 853 163 000 157 118 79 680 2 = 138 924 41 000 178 965 

Silver (tonnes) 1986 1 088 e c = 163 62 348 37 3 = 380 73 22 
1987 1475 2 S = 182 163 441 41 2 == 401 133 13 
1988 1 443 x = x 203 140 434 32 x = 447 159 26 
1989 1312 x - x 191 148 349 36 x = 498 71 18 
1990 1 381 x = x 145 164 330 41 x - 598 84 19 
1991 1 261 x 2 x 158 164 294 43 x 497 87 WA 
1992 1 169 x > a 254 143 248 40 x 2 345 124 16 
1993 879 x = - 223 143 232 38 x - 201 30 11 
1994 740 x = - 226 139 196 34 x - 127 1 17 
1995? 1195 x 2 = 283 164 245 35 x - 448 1 18 

Gold (kilograms) 1986 102 899 = = - 374 28 342 46 279 2555 14 36 9249 3 547 12 503 
1987 115 818 x = x 420 29 543 SPIT 3 697 1 048 43 11 224 4674 11 740 
1988 134 813 x = x 393 33 538 62 463 4 469 1 480 27 13 067 5 052 11 880 
1989 159 494 x = x 359 36 966 78 675 4 056 2 829 25 15 635 5 652 12 208 
1990 167 373 x = x x 40 675 79 968 2 680 3374 32 16 105 4639 151557, 
1991 175 282 x = = x 51 923 77 170 2921 2 899 34 17 487 3 865 16 752 
1992 160 351 x S = 490 44 589 74 836 3 106 x 34 16 773 3 737 13 518 
1993 153 129 x = = 361 41 843 72 441 3 001 x 65 13 865 3 538 13 205 
1994 146 428 x = > 365 40 932 69 155 2 608 x 34 UEISA 3345 13 140 
1995P 149 026 x E : 401 39 011 63 200 3 529 x 21 19 168 4583 13 758 


<> £2”. nS en 
Note: 

Figures may not add due to rounding. 

Sources: 

Statistics Canada, General Review of the Mineral Industries, Mines, Quarries and Oil Wells, Catalogue No. 26-201, Ottawa, various issues. 

Statistics Canada, Canada’s Mineral Production, Preliminary Estimates, Catalogue No. 26-202, Ottawa, various issues. 
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Table A2.9 

Value of Mineral Production, 1986-1995 
Year Canada Nfid. PED N.S. N.B. Que. Ont. Man. Sask. Alta. B.C. Yukon N.W.T. 

million dollars 

1986 32 446 817 2 367 502 2191 4 825 764 2525 16 331 3 160 176 788 
1987 36 361 743 3 407 624 2 780 5 652 1 000 3151 17 080 3615 437 870 
1988 36 955 865 2 446 911 2712 6 895 1627 3 043 15 062 3 943 492 957 
1989 39 333 897 2 442 859 2 878 7 308 1 668 3017 16 456 4 123 534 1149 
1990 40778 866 3 459 878 3 037 6 446 1311 3 183 19110 3954 542 988 
1991 35 190 772 3 460 671 2 930 § 101 1125 2 863 16 373 3 840 349 703 
1992 35 414 706 2 523 910 2 694 4776 1 082 3 158 16 885 3 500 496 681 
1993 36 564 699 1 558 772 2 692 4535 862 3 238 18 925 3 538 140 603 
1994 41 151 837 1 610 862 2 956 4921 820 4 225 21085 4 066 86 680 
1995P 43 368 906 1 566 1002 3 082 5 833 1 052 4 634 20 830 4523 185 753 

ee 9S BS 

Notes: 


Figures may not add due to rounding. 
Figures include the shipments of fuels, metals and structural materials of all establishments in Canada, regardless of their industrial classification. 


Source: 
Statistics Canada, Canada's Mineral Production, Preliminary Estimates, Catalogue No. 26-202, Ottawa, various issues. 


Table A2.10 


Selected Statistics on Energy by Province and Territory, 1986-1994 
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Yukon and 


Year Canada Nfld. BEw N.S. N.B. Que. Ont. Man. Sask. Alta. B.C. N.W.T. 
Ma SK AQ BC UN WT 


Production’ (petajoules) 


1986 9 736.4 141.0 - 82.7 44.7 535.5 410.3 Wili77. 693.3 6 486.5 1 152.0 1y/ 
1987 10 250.4 136.1 - 83.6 41.2 566.4 400.3 99.8 732.0 6 852.5 1 262.6 75.9 
1988 11 175.4 143.0 - 101.9 43.6 537.8 421.4 85.2 820.7 7 577.3 1359.5 85.0 
1989 11 349.7 118.1 - 103.6 41.6 518.0 424.1 94.0 845.9 7 637.6 1 482.0 84.7 
1990 11 392.6 125.0 - 101.6 46.7 482.4 402.2 100.1 901.1 7 669.7 1 478.7 85.2 
1991 11 789.0 127.5 - 121.8 43.8 512.9 436.6 108.8 887.3 7 869.0 1 588.6 92.6 
1992 12 217.5 125.6 - 131.1 39.0 527.7 421.6 120.6 969.2 8 388.3 1394.1 100.3 
1993 12 995.2 141.2 - 107.2 40.7 557-5 461.6 121.4 1021.1 8 893.2 1 553.3 98.0 
1994 13 890.2 135.2 - 103.8 37.8 587.9 499.3 evel 1 166.0 9 470.1 1 666.2 96.8 
Total domestic consumption! 3 (petajoules) 
1986 7 844.6 129.7 17.55) 221.6 nZone 1 421.5 2700.6 240.7 408.0 1 769.4 725.6 34.2 
1987 8 070.2 137.8 19.2 227.8 190.1 1 444.4 2771.4 234.4 420.7 1 824.8 768.2 31.3 
1988 8 585.6 143.2 205 2365 214.6 1 540.1 2919.7 260.0 454.7 1 943.3 821.1 31.9 
1989 8 947.0 155.6 22.2 243.4 234.4 1574.4 3033.7 260.6 460.0 2 053.6 877.9 Shy 
1990 8 590.8 156.1 22.5 243.2 225.6 1 521.4 2785.3 257.5 457.3 2019.2 871.1 31.6 
1991 8 515.6 145.7 22.1 236.1 221.6 1 473.5 2788.0 255.8 443.9 2 042.2 855.6 31.0 
1992 8 756.7 142.8 21.9 243.4 228.3 1 523.8 2 859.1 257.8 513.9 2 084.2 849.1 32.5 
1993 8 830.5 142.8 22.4 242.3 223.7 1 555.5 2828.4 263.1 520.0 2 102.1 897.1 33.0 
1994 9 056.7 126.9 22.1 200.0 ee ede.3 1 578.2 2838.2 266.4 563.5 2 235.2 920.5 37.9 
Consumption per capita (gigajoules) 
1986 299.4 224.4 135.9 248.4 241.4 211.1 285.0 220.0 395.0 725.6 240.2 426.4 
1987 304.0 239.0 148.8 254.2 260.2 212.2 286.2 213.0 405.9 746.8 250.7 383.1 
1988 319.2 248.5 158.1 262.7 292.7 224.5 295.4 235.4 440.7 789.0 262.5 383.4 
1989 326.8 269.5 170.0 268.4 317.6 226.6 298.9 235.6 449.7 820.0 273.6 367.5 
1990 309.1 269.6 171.8 2665 303.6 216.7 269.3 232.3 452.4 789.9 264.0 361.6 
1991 302.8 ode 169.0 257.2 296.1 208.1 266.2 229.9 441.1 785.1 253.2 342.9 
1992 © 306.8 244.6 166.4 263.1 303.1 213.0 268.6 230.5 509.6 786.8 244.1 349.8 
1993 305.1 244.3 168.2 260.3 296.0 215.2 261.4 233.9 514.1 781.9 251.0 350.7 
1994 309.6 218.2 164.2 251.8 306.3 216.7 259.6 235.5 555.9 822.1 251.0 401.9 
906.3 216.7 259.6 235.5 55.9 822.1 251.0 401.9 


Notes: 

1. Total for Canada is the sum of all provinces and territories. 

2. Domestic consumption data are equivalent to gross availability data in Statistics Canada Catalogue No. 57-003. 

3. Includes consumption of energy commodities for non-energy purposes. 

Source: 

Statistics Canada, Quarterly Report on Energy Supply-Demand in Canada, Catalogue No. 57-003, Ottawa, various issues. 
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Table A2.11 
Federal Government Environmental Protection Expenditures, 1986-1994 


1986 1987 1988 1989 1990 1991 1992 1993° 1994° 
thousand dollars 
Pollution abatement and control 


Sewage collection and disposal - - - - - - 150 275 - 
Pollution control 61 983 67 297 87 142 113 085 118 855 20 221 4329 1 004 5 870 
Other environmental services 383 744 430 794 442 869 497 185 571 471 682 955 709 679 749 906 929 389 
Total! 445 727 498 091 530 011 610 270 690 326 703 176 714 158 751 185 935 259 
Natural resource conservation and development 
Agriculture 3 238 420 4720 870 3614 210 3011 500 2 592 670 4 622 130 3 237 910 2 881 500 2 436 520 
Fish and game 388 334 328 401 393 464 402 070 470 382 483 973 693 646 692 158 573 942 
Forests 224 701 660 250 311 776 284 463 215 421 206 653 236 048 237 655 225 869 
Mines, oil and gas 1 094 980 708 981 767 246 365 551 383 426 325 310 321 573 497 388 568 992 
Other resource conservation and development 702 999 650 481 707 769 760 003 725 538 623 016 620 308 591 718 522 337 
Total 5649440 7068990 5794460 4823590 4387440 6261080 5109490 4900420 4327660 
Notes: 


Figures may not add due to rounding. 

Includes transfer payments to other levels of government. 

1. There are no federal government expenditures on waste collection and disposal. 
Source: 

Statistics Canada, Public Institutions Division. 


Table A2.12 
Provincial and Territorial Government Environmental Protection Expenditures, 
1988-1992 


Year Canada Nfld. REA N.S. N.B. Que. Ont. Man. Sask. Alta. B.C. Yukon N.W.T. 
thousand dollars 


Pollution abatement and control 
Sewage collection and disposal! 


1988 77 526 - 2018 - 9 663 - - 3 594 - - 61 156 - 1094 
1989 72 412 - - 720 9 554 - - - - - 59 729 2 409 - 
1990° 75 327 - - 127 9 367 - - - 95 - 63 557 2 181 - 
1991° 100 597 - - 92 8 191 - - - 64 - 89 873 2377 - 
1992 97 741 - 933 47 6 730 - - - 49 - 87 715 2 268 - 
Waste collection and disposal 
1988 54 022 330 2 098 2 878 3 899 - 27 488 2 039 - 262 15 028 - - 
1989 114 495 163 2 150 8 817 4579 - 36 648 5 481 - 31 029 25 425 202 - 
1990° 121 947 296 2 268 12 546 5 850 - 50 234 5 415 - 38 515 6 667 158 - 
1991° 156 545 261 3170 12 672 5 907 - 73 066 6 493 8 40 108 14 657 202 
1992 161 330 361 3710 7 483 8 483 - 80 391 6 659 - 42 575 11 446 223 - 
Other pollution control 
1988 226 639 2754 128 - 9 320 23 766 134 829 263 4 009 47 997 2 885 - 689 
1989 280 066 3679 113 4601 13 802 19 820 188 239 393 4314 40 973 3 437 32 662 
1990 296 300 2 559 176 5 312 13 834 - 202 993 399 29 465 40 754 11 8 789 
1991 341 901 2 956 348 6 103 18 420 - 240 212 746 29 730 42 626 - - 759 
1992 295 129 3014 286 2 248 16 910 - 220 643 393 4579 44 667 1 684 - 705 
Other environmental services 
1988 164 641 - 1644 3 222 1 247 56 377 4 269 8 586 67 188 21 142 - - 966 
1989 202 524 1525 2 585 15 722 1 840 74 925 4530 8 537 71 500 7 813 12 936 500 111 
1990° 373 895 16 3117 18 029 6 045 147 799 12 813 9 351 74 464 9 410 92 408 444 
1991" 451019 22 3012 18 437 17 627 157 476 12 430 10 100 121 699 11 500 98 067 589 62 
1992 382 309 1799 2277 21115 12 142 170 805 14 221 14 203 43 859 7397 93 758 722 10 
Total pollution abatement and control 
1988 522 828 3 083 5 887 6 101 24 129 80 143 166 586 14 482 71 197 69 401 79 069 - 2748 
1989 669 496 5 367 4 848 29 861 29 776 94 745 229 416 14410 75 814 79 815 101 527 3 143 774 
1990! 867 469 2 871 5 561 36 014 35 096 147 799 266 040 15 165 104 023 88 679 162 642 2790 789 
1991" 1050062 3 239 6 530 37 304 50 145 157 476 325 708 17 339 151 500 94234 202597 3 168 821 
1992 936 508 5 174 7 206 30 893 44 264 170 805 315 255 21 255 48 486 94 639 194 604 3212 715 
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Table A2.12 
Provincial and Territorial Government Environmental Protection Expenditures, 


1988-1992 (concluded) 


Year Canada Nfld. PEE N.S. N.B. Que. Ont. Man. Sask. Alta. B.C. Yukon N.W.T. 
thousand dollars 
Natural resource conservation and development 


Agriculture 
1988 2726916 16943 31592 42 838 25 308 654 287 340495 242983 636 169 636 311 99 634 346 10 
1989 2834 386 18629 34309 40 853 30 577 638 860 329100 278030 611 185 755 443 97 062 326 11 
1990 2895 463 15921 33580 42 658 35 308 717 880 385 949 177 629 656 309 723 411 106 453 347 18 
1991" 4146636 13101 42660 39 741 37 910 835 784 393517 473086 1174 851 1 043 009 92 449 485 42 
1992 3850594 14400 36509 40 360 46 520 840 706 484498 287978 851 669 1 175 665 71 708 580 - 
Fish and game 
1988 302 864 43 445 3313 10713 14 830 87 862 63 249 6 797 § 593 25 668 28 889 6 008 6 496 
1989 342 942 50 158 3 363 8 562 27 608 95 092 70 067 10 403 6 876 27 198 29 529 6 462 7 624 
1990 346 447 44 750 3742 6 903 23 905 111 413 77 668 9 686 9621 28 907 16 092 5 814 7 943 
1991" 336 311 32 444 4 066 7 628 20 956 99 392 85 151 8 538 10 819 31 457 21 852 5 796 8212 
1992 348 585 39 960 3 836 7 180 23 108 104 159 75 375 11 149 10 836 33 468 22 805 5 923 10 787 
Forests 
1988 1247 665 25 560 5 120 42 272 26 773 288 803 284 927 13 670 11748 113 933 416771 10 18 079 
1989 1394897 29 767 5 739 80 212 21 765 292 842 266 760 15 699 69 916 111643 468092 788 31 674 
1990" 1416206 31 032 6 603 51 736 26 445 298 156 286 626 19 589 50 442 140 452 481 048 875 23 202 
1991" 1485726 26 602 6 722 50 064 30 629 310 038 293 912 17 834 81 156 117 001 524 565 848 26 356 
1992 1 352 564 26 794 7 095 48 338 28 077 295 670 225 904 14 754 32 616 115320 533811 1 455 22 729 
Mines, oil and gas 
1988 977 089 12 456 - 14 436 3 483 79 996 36 437 10 753 17 268 704 543 54 875 1690 41 153 
1989 1340073 13 385 - 9741 3 229 76 756 41 753 10 203 379 331 707 789 48 868 3 037 45 983 
1990" 982 137 18 030 - 10 640 3 886 81812 41 592 9 782 126 073 603 688 37 330 1271 48 031 
1991" 1138 269 40 810 - 11 567 2 871 78 486 41 690 10 950 316 613 531 617 53 027 1331 49 308 
1992 676 355 47 136 - 10 787 275 59 719 37 414 8 280 17 671 432 216 “515 2617 50 250 
Other resource conservation and development 
1988 837 672 4470 5 101 4834 28 103 76 748 212 819 52 283 22 579 366 462 45 786 9101 9 386 
1989 860 072 3711 6 979 5 454 35 271 80 178 224 993 74 531 26 831 269 099 110 895 5 568 16 562 
1990! 760 292 4540 6 013 5 053 33 160 78 907 263 169 45 359 22 768 212 998 61 890 7 013 19 422 
1991 791 669 4 043 5 441 9 369 29 465 65 955 312 277 28 114 22 042 213 629 74 132 6 534 20 668 
1992 845 821 4391 5 630 10 922 30 883 79 761 329 424 22 428 22 323 230 147 84 799 8 095 17 018 


Total natural resource conservation and development 
1988 6092 206 102 874 45126 115093 98 496 1 187 696 937927 326 485 693 357 1846917 645955 17156 75 124 
1989 6772370 115650 50390 144 823 118 450 1 183 728 932672 388 865 1 094 139 1871171 754447 16180 101 855 
1990 6400545 114273 49938 116991 122 704 1 288 168 1055004 262045 865 213 1709458 702814 15321 98 616 
1991" 7898611 117000 58889 118 368 121 832 1 389 655 1126547 538522 1 605 480 1936712 766027 14994 104 586 
1992 7073919 132681 53069 117 587 131 339 1 380 014 1152616 344589 935 116 1986817 720637 18670 100784 


Parks 
1988 192 326 7 207 3 040 4652 8 905 29 730 51 609 17 516 3749 35 820 30 086 11 - 
1989 227 059 6 458 3 293 15 289 9575 30 048 57 660 17 157 16 402 33 074 37 243 861 - 
1990" 225 894 6 442 3 663 7 186 10 053 31 707 66 408 18 278 17 072 33 020 31 500 565 : - 
1991 204 653 6 644 3 654 6 838 9 450 32 569 57 154 16 374 15 449 27 559 28 550 412 - 
1992 212 048 6 607 4 903 7 156 7 067 36 496 51 421 16 591 14 494 30 953 34 540 1 820 - 
Notes: 


Figures may not add due to rounding. 

Fiscal years. Provincial and territorial government expenditures include intergovernmental transfer payments. 

1. Some provinces and territories may report their sewage expenditures under water supply expenditures; these are considered as health protection expenditures and are therefore excluded. 
As an example, provincial government expenditures on water supply in 1992 were equal to $61 million in Newfoundland, $420 million in Quebec, $325 million in Ontario and $98.6 million in 
Alberta. 

Source: 

Statistics Canada, Public Institutions Division. 
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Table A2.13 
Local Government Environmental Protection Expenditures, 1986-1994 
Year Canada Nfld. PEL N.S. N.B. Que. Ont. Man. Sask. Alta. B.C. Yukon N.W.T. 


thousand dollars 


Pollution abatement and control 
Sewage collection and disposal 


1986 1 138 023 15 870 1 861 19 523 27 222 298 598 448 513 55 779 34 313 116 101 114 158 1 234 4851 
1987 1 208 602 19 216 1797 25 389 31 212 287 120 476 460 39 115 35 169 130 956 152 517 1078 8573 
1988 1 413 609 19 426 1796 38 941 30 740 377 887 597 643 40 072 36 301 118 368 142 171 1 483 8 781 
1989 1 734 756 19 028 1945 31 176 30 702 531 371 723 837 49 106 41 358 138 229 154 934 1061 12 009 
1990 2 001 997 24 951 2 165 38 281 40 240 659 991 778 073 52 055 42 458 161 963 185 334 2074 14412 
1991 1 954 272 19 420 2 580 63 118 42 898 537 628 838 006 55 495 37 362 146 430 192 799 4216 14 320 
1992P 1 899 753 18 450 2 558 40 592 40 963 471 149 826 209 89 248 37 129 139 037 213 709 6 105 14 604 
1993P 1 869 010 19 996 2127 72 645 45 536 433 920 750 029 61 193 43 356 188 897 227 954 5 549 17 808 
1994! 2 357 364 11 959 1972 87 295 45 805 699 218 835 099 58 384 97 687 178 087 315 847 9 490 16 521 
Waste collection and disposal 
1986 627 753 12 110 549 17 372 6514 143 005 267 841 19 445 16 066 47 835 93 584 799 2 633 
1987 714 493 11 264 480 46 967 8 229 154 344 297 685 21613 20 583 50 148 99 156 488 3 536 
1988 817 079 10 576 497 21941 9 824 178 308 391 866 24 526 17 841 53 813 103 199 625 4063 
1989 935 818 11.915 581 24 059 12 156 195 986 462 601 26 080 16 766 58 925 122 472 580 3 697 
1990 1 125 905 12 044 612 31 928 13 305 223 016 584 145 25 682 17 595 66 592 146 467 640 3 879 
1991 1 228 222 14 183 667 41172 14 825 267 306 607 933 26 043 17 993 72 961 160 562 684 3 893 
1992P 1 274 745 13 405 882 41 401 15 258 292 196 606 829 31 123 20 787 81615 166 224 831 4194 
1993P 1 228 072 12 300 825 40 843 16 066 300 507 546 422 30 220 19 761 80 626 172 373 883 7 246 
1994! 1 355 882 12 379 928 §2 737 16 130 334 091 609 580 34 156 19 555 90 494 180 227 948 4657 
Other environmental services* 
1986 76 909 5 - 200 > 33 978 39 960 471 58 163 2 058 - 16 
1987 87 911 14 139 60 514 35 427 48 508 514 124 264 2.331 - 16 
1988 75 200 14 151 107 404 32 988 37 769 676 193 273 2614 - 11 
1989 82 615 11 160 225 15 31 674 45 901 668 225 204 3514 - 18 
1990 82 331 6 176 286 1 854 32 024 43 182 733 274 - 3 695 - 101 
1991 80 949 4 183 1 332 1844 18 387 54 307 884 205 - 3 742 1 60 
1992P 84 166 4 193 447 1 881 14775 61 624 764 307 - 4111 - 60 
1993P 86 396 4 189 467 1972 24 852 53 559 755 301 - 4 237 - 60 
1994! 91 560 4 189 425 1 998 34 799 48 603 754 300 - 4 428 - 60 
Total pollution abatement and control 
1986 1 842 685 27 985 2410 37 095 33 736 475 581 756 314 75 695 50 437 164 099 209 800 2 033 7 500 
1987 2011 006 30 494 2416 72 416 39 955 476 891 822 653 61 242 55 876 181 368 254 004 1 566 12 125 
1988 2 305 888 30 016 2444 60 989 40 968 589 183 1 027 278 65 274 54 335 172 454 247 984 2 108 12 855 
1989 2 753 189 30 954 2 686 55 460 42 873 759 031 1 232 339 75 854 58 349 197 358 280 920 1641 15 724 
1990 3 210 233 37 001 2953 70 495 55 399 915 031 1 405 400 78 470 60 327 228 555 335 496 2714 18 392 
1991 3 263 443 33 607 3 430 105 622 59 567 823 321 1 500 246 82 422 55 560 219 391 357 103 4901 18 273 
1992P 3 258 664 31 859 3 633 82 440 58 102 778 120 1 494 662 121 135 58 223 220 652 384 044 6 936 18 858 
1993P 3 183 478 32 300 3141 113 955 63 574 759 279 1 350 010 92 168 63 418 269 523 404 564 6 432 25 114 


1994! 3 804 806 24342 3089 140457 63. 933 1 068 108 1 493 282 93 294 117 542 268 581 500 502 10438 =21 238 


Natural resource conservation and development 


Agriculture 
1986 184 946 - - 260 - - 26 166 6 517 20 581 127 487 3911 - 24 
1987 170 102 284 - 259 - - 27 041 6 792 20 420 111012 4 261 - 33 
1988 124 297 36 - 296 - - 20 872 7 247 11 875 79 431 4524 4 12 
1989 163 413 - - 346 3 1912 22 126 7 864 20 632 105 507 4995 it 11 
1990 156 099 - - 377 - 2 368 19771 8 302 20 735 99 351 5 051 3 141 
1991 168 376 - - 373 - 2 645 26 245 7 801 25 811 99 764 5 610 6 121 
1992P 155 243 - - 331 - 56 13 489 7 692 27 113 101 010 5 540 1 11 
1993P 156 775 - - 341 - 17 13 204 7 736 27 271 102 652 5 469 ‘ 84 
1994! 157 570 = = 341 : - 13 460 7 604 27 299 103 244 5 621 1 ie) 
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Table A2.13 


Local Government Environmental Protection Expenditures, 1986-1994 (concluded) 


Year Canada Nfld. Press N.S. N.B. Que. Ont. Man. Sask. Alta. B.C. Yukon N.W.T. 
thousand dollars 
Other resource conservation and development 
1986 153 199 139 181 537 2 090 34 051 73 469 8 162 3 750 17 392 13 104 - 324 
1987 196 185 184 190 657 4 730 38 488 108 173 8 868 3 340 9961 21 421 36 137 
1988 225 945 533 148 953 5 273 41 905 119 391 9 888 4 349 8 223 35 204 23 55 
1989 252 980 723 - 1 934 4535 61 826 139 722 9944 3 371 10 815 19 671 100 339 
1990 316 331 789 - 837 4 898 76 782 173 697 11 103 4 050 10 327 33 488 194 166 
1991 328 878 818 - 1 060 4817 84 100 170 408 12 262 8191 10 157 36 747 186 132 
1992P 325 906 806 - 1501 4049 69 278 184919 13 677 7 986 10 061 33 365 206 58 
1993P 352 645 747 - 1517 3 655 93 580 183 793 12 297 7 954 15 344 33°544 156 58 
1994! 301 805 762 - 1201 3 587 48 400 183 348 10 786 7 663 11819 34 021 156 62 
Total natural resource conservation and development 
1986 338 145 139 181 797 2 090 34 051 99 635 14679 24 331 144 879 17015 - 348 
1987 366 287 468 190 916 4730 38 488 135 214 15 660 23 760 120 973 25 682 36 170 
1988 350 242 569 148 1249 5 273 41 905 140 263 17 135 16 224 87 654 39 728 27 67 
1989 416 393 723 - 2 280 4 538 63 738 161 848 17 808 24 003 116 322 24 666 117 350 
1990 472 430 789 - 1214 4 898 79 150 193 468 19 405 24 785 109 678 38 539 197 307 
1991 497 254 818 - 1 433 4817 86 745 196 653 20 063 34 002 109 921 42 357 192 253 
1992P 481 149 806 - 1 832 4049 69 334 198 408 21 369 35 099 111071 38 905 207 69 
1993P 509 420 747 - 1 858 3 655 93 597 196 997 20 033 35 225 117 996 39 013 157 142 
1994! 459 375 762 - 1542 3 587 48 400 196 808 18 390 34 962 115 063 39 642 157 62 


Notes: 


Figures may not add due to rounding. 


Fiscal years. 


Transfers between municipalities and expenditures for parks are excluded. 


1. Data for 1994 are forecasts. 
2. Local government expenditures on other environmental services may include expenditures specific to pollution control. 


Source: 


Statistics Canada, Public Institutions Division. 
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Table A2.14 
Selected Statistics on Population by Province and Territory, Selected Years 
Source Canada Nfld. P.E.I. N.S. N.B. Que. Ont. Man. Sask. Alta. B.C. Yukon N.W.T. 
Total population’ (thousands) 
1981 a 24 900.0 576.5 124.0 856.4 708.4 6 568.0 8 837.8 1 038.5 978.2 2 303.8 2 836.5 24.1 47.9 
1986 a 26 203.8 578.1 128.8 892.1 ULL A 6 733.8 9 477.2 1094.0 1032.9 ° 2438.7 3 020.4 24.8 55.4 
1991 b 28 120.1 580.3 130.8 917.9 748.5 7 080.6 10 471.5 i) WZ) 1 006.3 2601.3 3 379.8 29.1 61.3 
1992 b 28 542.2 583.7 131.6 925.1 753.3 7 154.8 10 645.8 1118.3 1 008.5 2 649.0 3 479.1 30.3 62.6 
1993 b 28 947.0 584.6 133.2 930.4 755.8 7 229.1 10 820.6 1124.8 1011.4 2 688.5 3 574.0 30.4 63.7 
1994 b 29 251.3 581.7 134.6 935.1 758.4 7 284.0 10 931.4 1 131.2 1013.6 2719.0 3 667.9 29.6 64.7 
1995 b 29 606.1 575.6 136.2 938.2 760.3 7 329.9 11 103.3 1 138.0 1016.2 2 748.3 3 764.2 30.1 65.8 
2016? Cc 39 883.4 606.1 160.7 1 067.4 850.7 8 924.9 16 055.6 i easteye) 980.4 4 020.2 5 801.2 52:5 108.4 
Average annual growth (percent) 
1981 to 1995 d 1.5 - 0.8 0.7 0.6 0.9 2.0 0.7 0.3 ues) PAS 1.9 758) 
Total fertility rate? 
1981 e ie7 Ole ee 1.91 1.64 ef 1.61 1.63 1.86 2.14 1.94 171 2.14 3.00 
1986 e 1.65 ial) 1.84 1.62 1.59 1.43 1.69 1.89 2.09 1.93 1.72 2.04 3.61 
1991 f 1.70 1.44 1.85 1.58 1.54 1.65 1.66 1.97 2.03 1.89 1.67 2.14 2.86 
1992 f 1.69 1.40 1.82 1.58 1.53 1.65 1.67 1.91 2.03 1.85 1.65 1.93 2.69 
1993 f 1.66 1.31 1.72 1.56 1.50 1.61 1.64 1.95 1.96 179 1.61 1.91 2.67 
Life expectancy at birth (years) 
1981 - Male Cc 72.1 TN 72.9 71.0 fe 71.3 72.5 72.3 f25 Wee 72.9 67.0 ° 67.0 5 
Female c 79.3 78.8 80.5 78.6 79.2 78.9 79.2 78.9 79.9 79.3 798 749° 74.9 § 
1986 - Male c 73.3 72.9 72.9 72.5 72.7 72.2 73.8 73.2 73.8 IST 74.4 69.8 ° 69.8 ° 
Female c 80.2 79.3 80.4 79.5 80.1 79.7 80.0 80.0 80.5 80.3 80.8 Tiss © Ties 
1991 - Male g 74.6 73.7 73.2 13.7 74.3 73.8 75.0 74.6 75.3 75.1 75.3 74.0 70.3 
Female g 81.0 79.5 80.8 80.3 80.9 80.9 81.0 80.8 81.6 81.2 81.4 76.8 76.2 
1992 - Male f 74.8 74.0 73.6 74.0 74.4 74.0 75.1 74.6 75.4 75.3 75.4 73.0 69.8 
Female f 81.0 79:9 80.7 80.6 80.9 81.0 81.0 80.8 81.7 81.2 81.5 77.5 74.8 
1993 - Male f 74.9 73.8 74.3 74.3 74.4 74.0 75.3 74.6 75.4 75.5 75.4 71.0 69.8 
Female f 81.0 80.3 80.1 80.6 80.6 80.9 81.0 80.7 81.8 81.8 81.4 80.9 74.3 
Age-standardized mortality rate (deaths per 1 000 population) 
1981 - Male f 10.5 10.3 10.0 11.4 10.8 11.0 10.4 10.6 9.5 10.2 9.6 15.5 10.2 
Female f 6.1 6.0 5.4 6.4 6.0 6.1 6.1 6.2 5.6 6.1 5.8 8.9 6.8 
1986 - Male f 9.8 10.1 10.3 10.6 10.4 10.7 9.6 9.9 9.3 9.3 8.8 11.0 10.5 
Female f 5.9 6.4 5:9 6.2 5:9 6.0 5.9 5.9 La) ET f 5.5 6.7 6.0 
1991 - Male f 9.1 9.8 10.4 9.6 9.2 9.7 8.9 8.9 8.5 8.6 8.4 10.3 10.0 
Female f 5.4 6.1 5.4 5.6 5.3 5.4 B25) 5.4 5.0 5.2 Si 6.3 7.9 
1992 - Male f 8.9 9.5 9.4 9.8 9.2 9.3 8.8 8.9 8.1 8.4 8.3 7.4 12.2 
Female f Be 6.1 5.4 5.6 5.3 5.3 5.3 5.2 4.7 5.1 5.0 8.7 8.5 
1993 - Male f 8.9 9.8 9.5 9.6 9.1 9.5 8.7 9.1 8.3 8.4 8.4 11.4 12.0 
Female f 5.4 5.8 5:5 5.5 5.5 HS) 5.4 5.4 4.9 5.3 Sal 6.3 9.4 
Infant mortality rate (deaths per 1 000 live births) 
1981 f 9.6 9.7 13.2 11.5 10.9 8.5 8.8 11.9 11.8 10.6 10.2 14.9 7 Non) 
1986 f 1.9 8.0 6.7 8.4 8.3 Tal Tae, 9.2 9.0 9.0 8.5 24.8 18.6 
1991 f 6.4 7.8 6.9 S57, 6.1 5.9 6.3 6.4 8.2 6.7 6.5 10.6 12.2 
1992 f 6.1 7A 1.6 6.0 6.3 5.4 5.9 6.8 7.3 foe, 6.2 3.8 16.7 
1993 f 6.3 7.8 9.1 Tal Ter TA 6.2 ait 8.1 6.7 Sid) 7.9 9.6 
Urbanization (percent) 
1981 h TASTE 58.6 Se 50.7 5531 1A/AS} 81.7 71.2 58.2 77.2 78.0 64.0 48.1 
1986 i 76.5 58.9 38.1 54.0 49.4 77.9 82.1 72.1 61.4 79.4 79.2 64.7 46.4 
1991 j 76.6 53.6 39.9 53.5 47.7 77.6 81.8 72.1 63.0 79.8 80.4 58.8 36.7 
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Table A2.14 
Selected Statistics on Population by Province and Territory, Selected Years (concluded) 

Source Canada Nfld. REE N.S. N.B. Que. Ont. Man. Sask. Alta. B.C. Yukon N.W.T. 
Households (thousands) 
1981 k 8 281.5 148.4 37.7 273.2 214.9 2 172.9 2 969.8 358.0 332.7 758.2 996.6 7.6 11.5 
1986 k 8 991.7 15951 40.7 295.8 PRET Peckey/i] re heeea ler/ 382.3 358.3 836.1 1 087.1 8.0 13.8 
1991 k 10 018.3 174.5 44.5 324.4 253.7 2 634.3 3638.4 405.1 363.1 910.4 1 243.9 9.9 16.1 
19928 | 10 056.0 177.0 46.0 329.0 256.0 2 656.0 3 647.0 396.0 359.0 912.0 1 278.0 
1993°® | 10 247.0 182.0 47.0 336.0 256.0 2 688.0 3 765.0 387.0 361.0 923.0 1 302.0 
1994 | 10 387.0 183.0 48.0 332.0 255.0 2 720.0 3 820.0 397.0 361.0 928.0 1 344.0 
1995® | 11 244.0 194.0 50.0 357.0 286.0 2 937.0 4 143.0 419.0 385.0 1 009.0 1 464.0 
Expenditures on education’ (million dollars) 
1980-81 m 22 201.6 462.0 92.2 707.0 530.5 6 754.0 7 497.0 849.3 871.0 1 956.8 2 224.4 31.7 66.9 
1985-86 n 34 564.1 741.3 150.0 1 134.0 873.2 9 442.7 12 073.4 1 425.3 1 382.0 3 603.8 3 246.0 45.8 131.3 
1990-91 n 48 679.6 1 038.3 193.8 1 475.2 1 205.6 11 969.1 18 471.7 1959.9 1 757.1 4565.1 5 279.6 79.1 219.1 
1991-92 n 53 075.7 1083.3 209.9 1 532.0 1 274.2 12 974.6 20 571.7 2 048.5 1 816.1 4 802.4 5 956.5 89.0 247.7 
1992-93 n 55 760.3 1161.8 220.0 1 563.1 1 365.5 13 796.9 eneelet 2 100.4 1 826.3 5 130.7 6 336.7 112.9 326.7 
1993-94P fe) 56 398.3 1291.8 224.1 1 623.6 1375.7 13 790.5 21 331.6 2101.4 1 807.3 5 234.5 6 523.5 105.8 342.6 
1994-95° fe) 57 124.2 1247.9 219.2 1625.5 1 346.2 14 193.6 21 280.0 ES) 1 855.6 5 199.3 6 917.3 108.1 375.5 
Land area (thousand km?) 

p 9215.4 371.7 H/ 52.8 72.1 1 356.8 891.2 548.4 570.7 644.4 929.7 479.0 3 293.0 

Population density (persons per km?) 
1981 d PY p 1.6 21.9 16.2 9.8 4.8 9.9 1.9 ae? 3.6 3.1 0.1 -- 
1986 d 2.8 1.6 22.8 16.9 10.1 5:0) 10.6 2.0 1.8 3.8 3.2 0.1 -- 
1991 d 3.1 1.6 23:1 17.4 10.4 S.2 11.8 2.0 1.8 4.0 3.6 0.1 -- 
1993 d 3.1 1.6 205 17.6 10.5 5.3 12.1 2.1 1.8 4.2 3.8 0.1 -- 
1994 d 3.2 1.6 23.8 AA 10.5 5.4 12.3 2al 1.8 4.2 3.9 0.1 -- 
1995 d 3.2 ie 24.1 17.8 10.5 5.4 12.5 2.1 1.8 4.3 4.0 0.1 -- 
2016 d 4.3 1.6 28.4 20.2 11.8 6.6 18.0 2.3 ies 6:2; 6.2 0.1 -- 
Notes: 


Figures may not add due to rounding. 

1. Total population as of July 1st of each year. 

2. Projection 3 - Medium growth. 

3. The total fertility rate is based on the age-specific fertility rates for a particular year and refers to the number of children that each woman would, on average, bear in her lifetime. A generation 
would be replaced if, on average, each woman bore 2.1 children. 

4. Excluding Newfoundland. 

5. The Yukon and Northwest Territories are combined, their estimates are subject to random fluctuations due to small numbers. 

6. The total number of households for 1992 to 1995 are estimated figures. Estimates are unavailable for the Yukon and Northwest Territories. 

7. The sum of the expenditures on education of the 12 provinces and territories is not equal to Canada's total because the latter also includes Canada's spending on education in foreign 
countries and undistributed expenditures. 

Sources: 

a. Statistics Canada, Annual Demographic Statistics, Catalogue No. 91-213, Ottawa, 1994. 

b. Statistics Canada, Quarterly Demographic Statistics, Catalogue No. 91-002, Vol. 9, No. 2, Ottawa, 1995. 

c. Statistics Canada, Population Projections for Canada, Provinces and Territories, 1993-2016, Catalogue No. 91-520, Ottawa, 1994. 

d. Statistics Canada, National Accounts and Environment Division. 

e. Statistics Canada, Selected Birth and Fertility Statistics, Canada, 1921-1990, Catalogue No. 82-553, Ottawa, 1993. 

f. Statistics Canada, Births and Deaths, 1993, Catalogue No. 84-210-XPB, Ottawa, 1996. 

g. Statistics Canada, Births, 1992, Catalogue No. 84-210, Ottawa, 1995. 

h. Statistics Canada, Population - Geographic Distributions, Catalogue No. 93-905, Vol. 2, Ottawa, 1982. 

i. Statistics Canada, Urban and Rural Areas, Canada, Provinces and Territories - Part 1, Catalogue No. 94-129, Ottawa, 1988. 

j. Statistics Canada, Profile of Urban and Rural Areas - Part B, Catalogue No. 93-340, Ottawa, 1994. 

k. Statistics Canada, Dwellings and Households, Catalogue No. 93-311, Ottawa, 1992. 

|. Statistics Canada, Household facilities by income and other characteristics, Catalogue No. 13-218, Ottawa, various issues. 

m. Statistics Canada, Financial Statistics of Education 1984-85, Catalogue No. 81-208, Ottawa, 1989. 

n. Statistics Canada, Education in Canada, Catalogue No. 81-229, Ottawa, various issues. 

0. Statistics Canada, Education Quarterly Review, Catalogue No. 81-003, Vol. 2, No. 3, Ottawa, 1995. 

p. Statistics Canada, Canada Year Book, 1994, Catalogue No. 11-402E, Ottawa, 1994. 
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Que. 


103 506 
116 622 
126 156 
126 510 
129 621 
134 046 
136 407 


15 757 


Ont. 


167 431 
205 643 
222 106 
224 330 
226 954 
239 622 
246 990 


18 942 


Man. 


15 667 
18 562 
18 816 
19 039 
19 210 
19 763 
20 252 


15 093 


Sask. 


15 053 
17 364 
19 269 
18 301 
18 865 
19 410 
19512 


15 392 


Table A2.15 
Selected Statistics on the Economy by Province and Territory, 1981-1995 
Source Canada Nfld. Ress N.S. N.B. 
Gross Domestic Product’ (million 1986 dollars) 
1981 a 440 127 6 247 1309 10585 8 534 
1986 a 505 666 6 938 1516 13155 10307 
1991 a 555 052 7 789 1710 «14136 11111 
1992 a 559305 7 824 1749 14407 11528 
1993 a 571722 7 952 1771 14 605 12 001 
1994 a 597 936 8 148 1881 14793 12247 
1995 a 611300 8 138 1975 14886 12393 
GDP per capita (thousand 1986 dollars per person) 
1981 b 17 676 10 845 10 556 12 366 12 054 
1986 19297 12003 11752 14748 14158 


b 
1991 b 19739 13429 13053 15399 14834 
1992 b 19596 13420 13250 15575 15309 
1993 b 19751 13616 13316 15704 15874 
1994 b 20442 14024 13933 15838 16157 

b 


1995 20648 14153 14522 15870 16307 
Average annual real GDP growth 1986-95: Goods producing industries (1986$) (percent) 
Primary c 2.6 -2.1 16) 0.3 3.0 
Manufacturing c 2.0 -2.2 6.9 -0.4 1.6 
Other goods producing industries c 0.3 0.2 2.9 ile 0.3 
GDP distribution at factor cost by industry (1992): Goods producing industries (percent) 
Primary c 17.3 eles 32.1 19.7 21.5 
Manufacturing c 51:9 29.1 34.7 44.6 40.5 
Other goods producing industries c 30.8 49.7 33.2 35.7 38.0 
Personal income per capita (1986 dollars per person) 

1981 b 15597 10679 10296 12284 11564 
1986 b 16305 11590 12279 13737 12841 
1991 b 17075 13910 13388 14675 13874 
1992 b 17006 14039 13600 14793 14229 
1993 b 16780 13947 13828 14826 14250 
1994 b 16928 14001 13712 14641 14192 
1995 b 16918 14021 14504 14657 14296 
Passenger automobiles? (thousands) 

1981 d 10 199 142 49 350 252 
1986 d 11477 176 56 337 286 
1991 d 13 061 202 64 426 312 
1992 d 13 322 207 62 422 318 
1993 d 13 478 207 65 429 324 
1994 d 13 639 216 65 392 328 
Passenger automobiles per capita (vehicles per thousand persons) 

1981 b 409.6 245.6 391.6 409.2 355.0 
1986 b 438.0 305.1 436.5 377.9 393.1 
1991 b 464.5 348.3 486.9 464.1 417.3 
1992 b 466.8 354.7 474.5 456.6 421.8 
1993 b 465.6 354.5 484.8 461.4 429.1 
1994 b 466.3 371.9 484.6 419.4 432.6 
Gasoline net sales® for automotive purposes (million litres) 

1981 e 30 782.5 587.1 i7ieoieele 4. Tele 070.8) 
1986 e 25 859.2 521.9 165.1 1039.8 914.1 
1991 e 31 209.1 573.6 168.8 1065.9 904.5 
1992 e 31 786.8 578.3 172.1 1082.1 929.8 
1993 e 32 563.4 585.1 174.0 1085.3 961.1 
1994 e 33 297.0 591.5 182.3 1104.5 1001.0 
Gasoline net sales? per capita (litres per person) 

1981 b 12362 1018.4 1381.7 13325 1511.6 


1986 b 986.9 902.8 1281.9 11656 1256.2 
1991 b= =61 109.8 988.5 1290.2 1161.3 1208.4 
1992 Dilotita.7, 990.7 1308.1 1169.8 1234.3 
1993 b 11249 10008 13064 11665 1271.7 
1994 b 1138.3 1016.8 13548 1181.1 1319.9 


Notes: 
Figures may not add due to rounding. 


1. The sum of the GDPs of the 12 provinces and territories is not equal to Canada's total GDP because the latter also includes wages and salaries of public servants working abroad. 


2. Includes taxis and for-hire cars. 


3. Net sales refer to those sales of gasoline, diesel and liquefied petroleum gas on which taxes were remitted at road-use rates. 


17 318 
17 816 
17 667 
17 906 
18 395 
18 599 


2.5 
2.0 
0.1 


8.6 
58.6 
32.8 


14 656 
15 339 
16 138 
16 044 
15 881 
16 263 
16 340 


2379 
2614 
2978 
3031 
3070 
3 107 


362.2 
388.2 
420.6 
423.7 
424.7 
426.6 


8 104.6 
6 578.4 
6 823.6 
6 868.3 
7 037.7 
7 199.9 


1 233.9 
976.9 
963.7 
960.0 
973.5 
988.5 


21 699 
21212 
21 074 
20 985 
21913 
22 251 


0.5 
1.8 
-0.7 


6.9 
65.5 
27.6 


16 361 
17 850 
18 394 
18 273 
17 845 
18 019 
17 852 


3 831 
4 244 
4 847 
4925 
5 002 
5 069 


433.5 
447.8 
462.8 
462.7 
462.2 
463.7 


12 610.2 
11 715.6 
11 887.3 
11 982.5 
12 255.2 
12 530.0 


1 426.8 
1 236.2 
1 135.2 
1 125.6 
1 132.6 
1 146.2 


16 967 
16 906 
17 030 
17 091 
17 489 
17 796 


oA | 
ea 
0.2 


24.8 
42.8 
32.4 


14079 
14 957 
15 298 
15 521 
15 165 
15 333 
15 331 


460 
528 
544 
551 
551 
557 


443.4 
482.2 
489.3 
493.1 
489.9 
492.2 


1 323.7 
1 296.2 
1 250.2 
1244.5 
1 253.9 
1 278.4 


1 274.6 
1 184.8 
1 123.8 
1112.8 
1114.8 
1 130.1 


4. Net sales statistics are not available because the road tax was removed in both Alberta (April 1978) and Saskatchewan (April 1982). 


Sources: 


a. Statistics Canada, Provincial Economic Accounts: Annual Estimates, 1961-1995, Catalogue No. 13-213-XDB, Ottawa, 1996. 


b. Statistics Canada, National Accounts and Environment Division. 


c. Statistics Canada, Provincial Gross Domestic Product by Industry, 1984-1995, Catalogue No. 15-203-XPB, Ottawa, 1996. 


d. Statistics Canada, Road Motor Vehicles, Registrations, Catalogue No. 53-219, Ottawa, various issues. 


e. Statistics Canada, Road Motor Vehicles Fuel Sales, Catalogue No. 53-218, Ottawa, various issues. 
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16 809 
19 154 
18 156 
18 660 
19 180 
19 205 


he 
1.4 
=1.0 


56.4 
16.7 
26.9 


14 829 
14 700 
14 221 
14 305 
14240 
13 962 
14 303 


392 
389 
416 
441 
414 
421 


400.5 
376.3 
413.8 
437.3 
409.5 
415.2 


1 460.3 


i) 16957 
1 445.5 
1 373.5 
1 297.6 


1 492.8 


1 162.4 
1 433.3 
1 358.0 
1 280.2 


Alta. 


52 786 
56 617 
64 231 
64 434 
68 130 
72 157 
73 381 


22911 
23 213 
24 695 
24 342 
25 365 
26 577 
26 713 


5.0 
6.4 


1 440.3 
1 403.8 
1 440.8 
1 443.4 


B.C. 


54 365 
55 527 
66 349 
67 918 
69 522 
72 872 
74 227 


19170 
18 386 
19 630 
19 534 
19 447 
19 862 
19710 


2.8 


Yukon 


456 
599 
799 
862 
678 
673 
746 


19 000 
23 960 
27 552 
28 733 
22 600 
22 433 
24 867 
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N.W.T. 


1149 
1 470 
i) TAS 
1659 
1 730 
1 756 
1 806 


23 938 
26 727 
29 164 
26 333 
27 031 
27015 
27 364 


-3.3 
eee 
=1.2 


61.4 
1.6 
37.0 


14 345 
17 099 
16918 


128.3 
309.1 
331.2 
322.0 
309.1 
148.1 


30.8 
ANTE 
32.1 
32.7 
33.1 
37.8 


643.1 
391.3 
524.1 
522.5 
520.0 
584.1 
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Join the thousands of successful Canadian decision-makers who 
turn to Statistic Canada’s Canadian Economic Observer for their 


mon 


briefing. Loaded with first-hand information, 


collectively published nowhere else, CEO is a quick, concise and 
panoramic overview of the Canadian economy. Its reliability and 


completeness are without equal. 


single source 


Consultations with our many readers — financial analysts, 
planners, economists and business leaders — have 
contributed to CEO’s present, widely-acclaimed, two-part 
format. The Analysis Section includes thought-provoking 
commentary on current economic conditions, issues, 
trends and developments. The Statistical Summary 
contains the complete range of hard numbers on critical 
economic indicators: markets, prices, trade, demographics, 
unemployment and more. 


More practical, straightforward and user-friendly than ever 
before, the Canadian Economic Observer gives you 
more than 150 pages of in-depth information in one 
indispensable source. 


hy purchase CEO? 


As a subscriber, you’ll be directly connected to Statistics 
Canada’s economic analysts — names and phone numbers 


are listed with articles and features. You’ll also receive a 


re you getting your 
information on the Canadian 
economy “first-hand”? 


Chances are, you spend hours reading several newspapers and a handful of 
magazines trying to get the whole economic picture - only to spend even 
more time weeding out fiction from fact! Wouldn’t it be a great deal 
more convenient (and much more effective) to go straight to the 


copy of 
CEO’s 
annual 
Historical 
Statistical Supplement 
— at no additional cost. 
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So why wait for others to publish Statistics Canada’s data 
second-hand when you can have it straight from the 
source? Order your subscription to the Canadian 
Economic Observer today. 


The Canadian Economic Observer (catalogue no. 10-2300XPB) is $220 (plus 
GST and applicable PST) annually in Canada, US$260 in the United States and 
US$3 10 in other countries. Highlights of the Canadian Composite Leading 
Indicator (catalogue no. 11F0008XFE) are available by fax — the same day of 
release — for $70 annually in Canada and US$70 in the United States. 


To order, write to: Statistics Canada, Operations and Integration Division, 
Circulation Management, 120 Parkdale Avenue, Ottawa, Ontario, K1A 0T6 or 
contact the nearest Statistics Canada Reference Centre listed in this publication. 
If more convenient, fax your order to 1-613-951-1584 or call toll-free 
1-800-267-6677 and use your VISA or MasterCard. Via Internet: order@statcan.ca 


An aging population. Lone-parent families. A diverse labour 
force. Do you know how today’s social changes will affect your 
future ... your organization ... and your family? 


Keep pace with the dramatic shifts A lasting record of changing 
in Canada’s evolving social fabric times! 
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quarterly, Canadian Social policy analysts, social-science 
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social issues and trends, this to demystify the causes and 
periodical incorporates findings consequences of change in 

from over 50 nation Canadian society. Don’t miss a 
Written by some of Canada’s single issue — subscribe today. 


leading-edge social analysts, G nadinnesocialaivcnds 
Canadian Social Trends 
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combines painstaking research with (catalogue number 11-0080XPE) is 
dynamic prose on topics like $34 (plus GST and applicable PST) 


ethnic diversity, low-income annually in Canada, US$41 in the 
families, time-crunch stress, United States and US$48 in other 


violent crime and much more countries. 


— all in a colourful, easy-to-read, 
magazine format. 


To order, write to Statistics Canada, 
Operations and Integration Division, 
Circulation Management, 

120 Parkdale Ave., Ottawa, Ontario, 

K1A OTO6 or contact the nearest 
Statistics Canada Reference Centre 
listed in this publication. 


If more convenient, fax your order 
to 1-613-951-1584 or call toll-free 
1-800-267-6677 and use your 
VISA or MasterCard. 
Via Internet: order@statcan.ca 
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Let us show you how to take advantage of the multitude of 
data available from Canada’s leading statistical agency. 


Our highly trained staff: 


' 4 can analyze and interpret your 


tatistics Canada is the first-hand 
source of information about 


through Our telephone enquiry service 


offer workshops and seminars on 4 
wide range of topics 


customized data packages 
is provide you with ongoing support 


Canada, its economy, its institutions 
and its people. We collect and 


We can even conduct surveys 
maintain hundreds of databases of 


tailored to your special- 


reliable information; from 
patterns in family expen- 
ditures to international 
trade statistics, from 
details on Canadians 
health and educational 
qualifications to employ- 
ment and labour trends. 
We can produce com- 
prehensive orofiles of 
Canada’s society and 
economy using the data 
from over 400 surveys. 


Our Advisory Services 
team of expert consult- 
ants is here to help you 
discover Statistics 
Canada. We will work 
with you to define your 
needs, sift through our 
vast resources and put 
together an information 
package designed to 
meet those needs. 


er 
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ized requirements. 


In today s complex 
social and economic 
climates, accurate and 
up-to-date information is 
an essential tool for 
performing such detail- 
intensive tasks as 
researching, planning, 
teaching or analyzing. 
Rely on the expertise at 
Statistics Canada to 
provide you with the 
information and services 
yOu need, quickly, 
professionally and cost 
effectively. 


Call us today and 
discover how to get our 
numbers working for 
you! 
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magine you're 
(@™ called upon to make 
a really important 
business decision. You 
spend some anxious 
days weighing your 
options. You examine the 
available data. Finally, 
you make your decision... 


...only to discover too 
late that your 
information was 
incomplete or outdated! 


If you've ever experienced 
this type of frustration... or 
if your reputation ever 
depends on the quality of 
the data you refer to... 
Infomat is for you. 


Infomat is your fastest and easiest way to keep 
on top of important Canadian economic and 

social trends. Since it comes to you weekly — not 
daily —- issues won't pile up unread. And, in just 
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Join the confident, successful decision-makers in the 


country and subscribe to Infomat today! 


Infomat (catalogue no. 11-0020XPE) is only $140* per year in Canada, US$168 in the U.S. 
and US$196 in other countries. Also available by Fax Service: 50 issues for $600* in Canada, 


US$600 in the U.S. and US$600 in other countries. 
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one publication, you'll 
have the answers to 
almost anything: 


price indexes 


manufacturing 
shipments and 
orders 


imports and exports 


labour market 
conditions, and 


dozens of key social 
and economic 
indicators! 


And because Infomat 
is based on over 100 
ongoing Statistics 
Canada surveys, 

no other source is 


more timely or more reliable. 


Infomat is specially designed and written for 
you — a busy manager 
with no time to waste! 
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